Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



Xibx^vi 



ottbe 



IDntverefti? of Mfeconefn 







► 



THE CONQUEST OF 

THE AIR 



SOME PRESS OPINIONS 



** Thow who woald know somethiog of the ideiioe of avlAtlon, of 
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be tried will find in M. Berget's volume a man of information 
dearly and interestingly presented.**— 7%« Dailif Telegraph, 

"The hook will make a very wide appeal, and forms an admimUe 
introdncdoB to the study of avl^on and aeronantics.** — Th^ 
Stmtdard. 

**The book is written thronghont in a charming and attraetlTe 
manner, and illnmined by a luge number of beautifal photographs. 
The work, in fact, is very complete in detail, and worthy to rank 
as a dasria — Tke Wettmimter Otuette, 

** Monsieor Betget has written a most attractire and interesting 
book ... it coyers the gronnd completely, and is written in 
a dear and ladd style whidi makes even the more technical parts 
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** Descriptions, amply illnstrated, are giyen of every type of 
uroplKDB, while at the same time due importance is also granted 
to the yarionsand ever-changing and improving dirigible balloons. 

• . . Nothing that the ini^niring potential aviator may desire 
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what M. Beiget aptly terms *this glorious and pre-eminently 
Frendi Sdence.' ... All Intera^ed in what is undoubtedly 
one of the great problems of our time win read this work with 
both interest and proflL**— TTie World. 

* M. Betget is an authority both on the theory and the practice of 
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TbB deamesB, and indeed, simpUdty, of style in which this book 
is written is admirable. Thero ooUd be no better introduction to 
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—Tke FaU MaU GaMette, 
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shadow of obscurity.**— 2%e Boefdng Standard and 8t, Jaime^ 
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PREFACE TO THE FIRST ENGLISH 

EDITION 



The year 1908 was one of experiment in aerial navigation; 
1909 was the year of brilliant achievement. 

In 1908 the magnificent experiments of the Wright Brothers 
excited widespread admiration to a supreme degree. In 
October of the same year two daring aviators, Farman and 
B16riot, abandoned their experimenting grounds and set out 
boldly into the realm of practice. On October 30 Farman 
accomplished the first ''aerial voyage*** by travelling from 
Ch&lons to BheimSy passing over villages^ forests, and hills. 
The following day B16riot achieved the first ^' cross-country " 
journey in a closed circle between Toury and Artenay» making 
two descents en route, and restarting wider his own effort^ with- 
out any launching apparatus, finally returning to his starting« 
polnt. 

The ^* Conquest of the Air/' commenced in 1885 by the 
first dirigible, La France, built by Colonel Renard, is asserted 
to-day in the new development — ^aviation. 

But now, in 1909, our human birds have excelled. By a 
remarkable flight, on July 25, Bl^ot, more fortunate than his 
rival, Latham, who came to grief off his destination, succeeded 
in crossing the Channel, thus realising through the atmosphere 
that tmUftde cordiale made between two nations. During August, 
on the plain of Bethany, near Bheims, In the first '' aviation 
meeting '' that had been held, all previous records were beaten. 
Paulhan, upon a biplane built by Yoisin, covered 131 kilometres ; 
Latham, on an Antoinette monoplane, traversed 154*500 kilo- 
metres without a stop ; and Henri Farman, in a triumphant 
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continuous flight, ultimately completed 180 kilometres in 
3 hours 4 minutes 56 seconds. In addition to these mar- 
vellous exploits, Hubert Latham, striving to secure the victory 
for height, rose to 156 metres; and Curtiss, the American, won 
the speed trophy by travelling 30 kilometres in 21 minutes 15 
seconds — that is to say, flew at 7 5 kilometres per hour. 

If one recalls the fact that it was during the self-same year, 
1909, that two most remarkable voyages were accomplished 
by dirigible balloons, which have definitely asserted the 
possibility of their practical application, one will understand 
that the highway of the atmosphere is now open, and that the 
** Conquest of the Air " has become an accomplished fact. 

Therefore the moment is opportune to explain how this 
conquest has been efiected, to describe the principles of 
the construction and control of aerial vessels, dirigible 
balloons, and aviation apparatus. That is my reason for writing 
this book. 

I have written it as lucidly as possible, so that it can be 
read by all. It has no pretensions to being an *^ aeronautical 
encyclopsedia,'' but is rather an ** introduction to the study of 
aeronautics," so that those who read and understand may be 
able to follow accordingly to advantage the whole progress of 
the new science as it develops and is described in the Press 
and the technical treatises. 

Thus I hope to have contributed to the diffusion of an 
interest in the science of the air in the same manner as I 
hope to have rendered a worthy appreciative tribute to the 
names of those who were, and are, the victors. 

ALPHONSE BERGET 

FBOFESSOB ▲ L'IKBTITUT OCilANOOBAPHIQUB 

DB FABIS 

PAST PBESIDBNT OF THB BOOltri FBAir9AIBB 

DB NAVIGATION AliBIBNNB 

FabiSi August 81, 1909 



PREFACE TO THE SECOND ENGLISH 

EDITION 

Since the first edition of this volume was published eighteen 
months ago how much has been achieved ! What triumphs 
have been recorded ! What striking progress has been accom- 
pliBhed in aerial navigation ! 

During this time aeroplanes have made voyages in the 
fullest sense of the word. No longer are such of exceptional 
moment, and no longer is there necessity to select favourable 
days and routes. Flights can be made now over fixed courses, 
and on predetermined dates, as ^* Le Circuit de TEst *' and the 
French Military Manoeuvres at Picardy demonstrated con- 
clusively. Several oj£cers crossed France through the air from 
Paris to Pau ; Chavez rose nearly to 3000 metres to cross the 
Alps over the Simplon ; Renaux journeyed from Paris to the 
Puy-de>Ddme; Sommer flew on his aeroplane accompanied 
by twelve passengers ; and the speed of 106 kilometres has 
been attained. 

If the fact is recalled that but ten years ago an attractive 
prize was offered for a flight over one kilometre it is possible 
to reidise what tremendous strides have been made, and how 
quickly progress has been effected. 

And what about dirigibles? Two huge airships built in 
France crossed the Channel to this country, to be commis- 
sioned in the British military service. Wireless telegraphy is 
installed on these magnificent aerial craft, and this, too, is 
being perfected more and more every day. 
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Therefore, we may be proud justly of the progress accom- 
plished and be full of hope for the future. 

The sympathetic reception accorded by English readers to 
the first edition of ** The Conquest of the Air *' has impressed 
me deeply, and I take this opportunity to extend them my 
heartfelt thanks. I trust that the second edition may meet 
with a success equal to that of the first edition. 

ALPHONSE BERGET, 

PBOriSSOB A L*INBTITnT OCiAHOGBAPHIQini, 
DiLiaUi FLiNIPOTENTIABB A LA 

oonfAbinob intbbhational db NAYIGATTOK 

aAbibnnb 

Pabis, March 26, Idll 



CONTENTS 



INTRODUCTION 



PART I 

DIRIGIBLE BALLOONS 

CHAPTER I : PRINCIPLES 

TTu principle of Archimedes. How does a dirigible bcJloan 
rise t : the ascending effort* The balloon envelope^ ^ggi^j 
and car. It is only possible to steer a balloon by ihe aid of 
a motor. Weight per horse-power, and per horse-power hour. 
Marine and aerial navigation: the dirigible, the steamship, 
and the submarine Pp. 1—9 

CHAPTER n : THE RESISTANCE OF THE AIR 

7!ft^ shape of dirigible balloons : spindle, Jish, and cylinder. 
ResuU of air resistance: advantage cf balloons of large capacity, 
strength, and speed. J^ ^^ Radius of Action ^ of an airship. 
Conditions of equilibrium of dirigibles. The air baBonnet: 
rigid Balloons. AUHude stability: elevators. StabiBiy cf 
direction: longitudinal stability. Realisation of dynamic 
^ equilibrium: critical speed: the ** empennage.'^ Point of 
application of the propelling force : *^deviation^ 

Pp. 10-84 

CHAPTER in : THE WIND AND DIRIGIBLE 
BALLOONS 

What is wind? Wind and the Aeronaut. Independent speed 
and wind velocity : the approachable an^. Present conditions 
qf dmigHriHty hh relation to the wind Pp. 86*-*45 



xii CONTENTS 

CHAPTER IV : CONSTRUCTION AND MANAGEMENT 
OF A DIRIGIBLE BALLOON 

The envelope cmd Us outline. Construction of the envelope : 
the gas. The coTy rudder^ elevator^ and motor. The screw^ 
^^ slip^ dimensions^ and position. Handling the airship: 
starting out: en route: the descent. Voyages of the ^^ CUment- 
Bayard.'^ ^^ Aerial Yachts.'^ Impressions in a dirigible: 
dizziness: safety Pp. 46—64 

CHAPTER V : HISTORY AND DESCRIPTION OF 
THE PRINCIPAL DIRIGIBLES 

TTie pioneer : General Meusnier^ inventor of the aerial pro- 
peller. The first motor balloon: GiffarJCs airship (185S). 
Dupuy de Lome's dirigible (187S). Dirigible balloon of the 
brothers Tissandier >{1SS2). Captains Renard and krebs^ 
baOoan ''La France'' (1884 and 1886). The era of the 
explosion motor: M. Henry Deutsch: M. Santos-DumonCs 
experiments. The " Lebaudy ^ balloon : " La Patrie.'^ Bal- 
loons tcith hollow stabilisaitors : M. Deutsch^ s VtUe-de-Paris : 
M. CUmenCs ''Bayard,'* Foreign dirigibles: Count 
ZeppelhCs airships. Progress of military aeronautics in 
Germany : the three " Zeppelins^ the " Parseval^ the " Gross ^ 
airships: the grand manoeuvres at Cologne. English^ 
Italian^ and Belgian dirigibles. Comparison of different 
types of dirigibles : the ** co-efficient of advantage.'^ What 
are the improvements to be effected in airships f Pp. 65—96 



PART n 
AVIATION APPARATUS 

CHAPTER I : THE PRINCIPLES OF AVIATION 

What is aviation f How birds fly. The forenmner of the 
aeroplane : the '^ kiie.'^ Scientific kites : Military kites : kite 
ascents. Definition and elementary equilibrium of the aero- 
plane. Resistance of the air: angle of attack: centre of 
thrust Pp. 97-110 



CONTENTS xiu 

CHAPTER n : APPLICATION OF THE GENERAL 
PRINCIPLES 

Shape and disposition of the wings. Monoplanes and 
biplanes. Laieral stabiliUy: hnmmg. Practical means of 
preventing lateral incUne : ^^ ailerons,'^ partitions^ warping. 
Steering: the rudder a/nd elevcUor. Launching the aeroplane. 
The descend Pp. 111-126 

CHAPTER HI : AEROPLANE CONSTRUCTION 

Carrying smfaces: the ^^ power of penetration.^ Motors 
employed in aviation. The propeller : screws. The ^ body ^ 
of the aeroplane. Aeroplanes and speed : aeroplanes of the 
fiture. Wind and aeroplanes. Height at which ii is advis- 
able to fy : safety. Other forms of aviation : helicopters 
and omiihopters. Composite solution : soaring balloons : 
Capazzd's lenticular Pp. 187-160 

CHAPTER IV : DESCRIPTION OF SOME 
AEROPLANES. 1. Biplanes 

7%« Voisin aeroplanes. The Wright Brothers'" aeroplane 
Maurice FarmanCs aeroplane : the Breguet biplane 

Pp. 161-167 

CHAPTER V : DESCRIPTION OF SOME 
AEROPLANES. 2. Monoplanes 

The BUriot aeroplane. The Esnautt-PeUerie aeroplane. The 
^^ Antoinette ^ aeroplane. Santos-Dumonfs ^ Demoiselle ^ : the 
TeHier aeroplane. The two schools of aviation. Helicopters 
and omithopters : the Breguet gyroplane Pp. 168—190 

CHAPTER VI : EARLY DAYS OF AVIATION 

The forervrmer : Sir George Cayley. The ^ human birds ^ : 
LUienthal, ChanutCj Captain Ferber, the Brothers WrigM. 
Exploits of the French aviators: Santos-Dumoniy Voiskiy 
DdagrangCj S^c. The Mcecene: Henry Deutschy E. Jrch-^ 
deacon, Jrmengaud : the two historical aviation voyages by 
Farman {October 80), and BUriot {October 81, 1908), who 
accomplished the two first ^ aerial journeys'^ from toxen to 



xiv CONTENTS 

town. ThelaieHachievimeni$ofiheavkiior$L^^ 
Cmmi Lamberiy Pa/idhan^ Dubonnely ^. : BUriof $ flight acrou 
the Channel: Paulhan*s flight over England: the croeeing 
of the Alps by Chavez. The enthueiaetio public movement 
in favour of aerial navigation : ^^ aviation meetings.'" The 
martyrs of aerial navigation : dirigible catastrophes : aero' 
plane disasters Pp. 191-SlS 

CHAPTER Vn : THE FUTURE OF AERIAL 
NAVIGATION 

Dirigibles or aeroplanes. Military applications. Applications 
to civil life. Scientific applications : exploration of unknozen 
countries. The industrial movement created by aerial naviga- 
tion. What remains to be done t Pp. fllS—ftS4t 

APPENDIX Pp. «8S-«87 

GLOSSARY OF AERONAUTICAL TERMS Pp. 238-240 

METRICAL MEASUREMENTS WITH ENGLISH 

EQUIVALENTS P. 241 

INDEX Pp. 24S-249 



ILLUSTRATIONS 



PLATES 

FAouro 
rhATM rxoB 

I. The first cirenlar flight by dirigible made twenty-five 
years ago. ** I^ Fiunoe " passing over Paris, 
September 25« 1885 Frontkpieee 

II. The first round journey by a ''heavier than air*' 
machine. The flight of the ^* B16riot " aeroplane 
from Toury to Artenay and back with intermediate 
descents, October 81, 1908 Freiuitpieoe 

HI. The dirigible balloon '^lUpubUque'' 10 

lY. The '* YiUe-de-Paris in its shed 11 

V. The dirigible «' Bayard-C16ment No. 1 " 20 

# 

YI. The '' Bayard-C16ment " entering its shed, showing 

the pneumatic empennage 21 

VII. Oar of the " Bayard-C16ment No. 1 " 80 

YUI. Fore part of the car of the *' Bayard-016ment No. 1 " 81 

IX. The dirigible 'M^trie " from below 40 

X. The car of the '' Bepublique '' 41 

XI, The first German dirigible ** Zeppelin '* manoBuvring 

above lake Oonstance 46 

XII. The stem of the '' Zeppelin " 47 

XIII. The ** Parseval'' fleidble airship with two compensating 

ballonets 53 

XIY. The *' Gross " semi-rigid airship 58 

XY. The car of the ^ Farseval " 62 

XYI. «< A German reserve '^ 68 

XYn. ** Cl^ment-Bayard No. 2 " 70 

XYIII. The '« Ol^ment-Bayard No. 2 '^ landing 71 

XIX. The first Italian military dirigible mancenvring over 

Braodano 90 

z? 



xvi ILLUSTRATIONS 

FAcnro 

PLATB PAGE 

XX. The new Italian dirigible " I-Bis " 91 

XXI. The Joanneton airship speed recorder; the Gnome 
light motor ; the Esnault-Pelterie light motor ; a 
100 H.p. Antoinette aviation motor 98 

XXII. Bridge showing steering and control mechanism of 

« Bayard-Ol^ment No. 1 " 99 

XXIII. A '* Santos-Dumont '' dirigible; an accident; the 

little " Santos-Dumont " aeroplane 106 

XXIY. The ^ Santos-Dumont " aeroplane winning the 
Dentsch prize ; a *^ Santos-Dumont " monoplane ; 
Santos-Dumont's " Demoiselle " 107 

XXY. A pioneer. The German ezperimentor, Otto 

I^ienthali making a glide 120 

XXYI. IL Ader's ''Avion/' the first aviation apparatus to 
rise into the air ; the '' Avion " with wings folded ; 
Wright making an aerial glide 121 

XXYII. The first attempts in aviation 180 

XXYIIL '* An early bird " : the Gastambide-Mangin monoplane 

in full flight 181 

TTYTX, Henry Farman's flight from Chalons to Rheims 142 

XXX* Henry Farman at the wheel of his first aeroplane 148 

XXXI. The Wright aeroplane emerging from its shed at 

Auvours camp 154 

XXXII. The Wright aeroplane at the moment of launching by 

the fall of a weight in the derrick ; the Wright 
aeroplane in full flight; Wilbur Wright at the 
wheel of his aerc^lane, showing the two control 
levers 155 

XXXin. The Oomu helicopter 166 

XXXI Y. The Br^guet gyroplane; the de la Hault omithopter; 
. the propellers of the L^ger helicopter ; the L6ger 
helicopter showing the motor and controlling 
mechanism 167 

XXXY. Henry Farman's new biplane 174 

XXXYI. The latest Yoisin biplane, with the aviator Bielovude 

at the wheel 175 

XXXYII. The 1910 *' B16riot " monoplane from below 182 



'> 



ILLUSTRATIONS xvu 

WACSMQ 
Vh ATM PAGE 

XXXYin. The 1910 ** Antoinette " monoplane^ mounted by 

Latham 188 

XXXIX. Henry Farman, carrying two passengers, on his bi- 
plane created records for duration and distance of 
flight 194 

XL. How passengers are accommodated on an aeroplane 195 

XLI. Bongier flying over Cap Martin (Monaco 1910); 
Latham upon his *' Antoinette " and Martinet 
upon his <* Farman " 202 

XLII. Morane on a ** Bl^riot," Latham at the wheel of an 
^* Antoinette," and below, Bouvier on his *' Sommer" 
rounding the mark 208 

XLTII. A start : Lindpainter leaving Issy-les-Moulineauz for 

the " Circuit de Test " 210 

XLIY. A descent: the crowd rushing towards Latham's 

aeroplane upon alighting 211 

XLY. French mitrailleuse, showing soldier training weapon 
upon aeroplane ; French gun for use against aerial 
craft at the Picardy manoeuvres 222 

XLYL The German military automobile gun built by Erupp 

for fighting aerial craft 223 

XLVII. The " Bayard-016ment No. 2 " manoeuvring above the 
troops at the French manoeuvres, with Latham 
preparing to set out on his ** Antoinette " 
monoplane 280 

XLYIII. The Arc de Triomphe de r£toile, as seen from a 

height of 800 metres 281 

Also many explanatory diagrams in the text 



J5 

is 
I? 



Il 






11: 



I' 



a 



K ■ 



INTRODUCTION 

AsBONAUTics is the art of sustaining and directing oneself in 
the atmosphere, without coming into contact with the earth 
or the water on its surface. 

The solution of this problem has been sought for ages by 
man, ambitious to imitate the birds. It was solved partially 
in 1783, when the Brothers Montgolfier, for the first time, 
succeeded in raising and sustaining in the air a heavy body 
capable of carrying passengers. This discovery, the principle 
of which differs from that governing the flight of birds, was 
of the utmost importance. It had the merit, not only of 
showing that the atmosphere was far from being a realm 
sternly forbidden to man, but also, by providing him with the 
means for sustentation therein, allowing him to hope that 
some day he might be able to steer his course wherever he 
desired. 

But Montgolfier's invention did not constitute aerial 
navigation. The ''aerostat," appropriately christened, was 
passive in the midst of the atmosphere. It was to the airship 
of man's dreams what the buOy is to the ship, that is, a 
floating object, the toy of the fluid in which it floats. Three- 
quarters of a century passed in vain attempts to steer these 
craft until the Frenchman Giffard first showed by a conclusive 
experiment the feasibility of deviating balloons, a possibility 
which was achieved triumphantly by Colonel Renard twenty- 
five years ago— in 1884. 

Therefore, a balloon floating in the air by virtue of the 
principle formulated by Archimedes, because its weight is less 

xix 
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than that of the air it displaces, oan now be steered success- 
fully. This first solution of aerial navigation had the merit 
of distinct novelty* Nature has nothing comparable to show 
us. It differs as much from the flight of birds as the move- 
ment of a railway train is opposed to that of the most agile 
of our quadrupeds. 

But the bird's example persistently incited the human 
brain to seek a further solution. The problem was to rise into 
the air mechanically, without the cumbersome intermediary of 
a volume of light gas enclosed in an impermeable envelope — 
in a word, to navigate the air in the manner of the bird with 
an apparatus heavier than air. 

The first essays were made a long time ago, but it was not until 
1895 that the solution already presaged assumed tangibility. 
Now at last aerial navigation without an aerostat, mechanical 
sustentation, amationf in short, is an accomplished fact ; its 
practical application is merely a question of minor improve- 
ments. 

Thus there are two quite distinct forms of aerial navigation 
— ^by dirigible baUoon and amotion respectively. This affords 
us a natural division for this book, in the first part of which 
we shall deal with dirigible balloons. 



PART I 

DIRIGIBLE BALLOONS 



CHAPTER I 
PRINCIPLES 

How THK AERIAL VESSEL FLOATS AND MOVES : WhT 
DIBIOIBILrrT MUST DEPEND ON A MOTOB AND A PBO- 
PSLLEB : A COMPARISON BETWEEN MARINE AND AERIAL 

NAVIGATION 

THE PRINCIPLE OF ARCHIMEDES 

A DiBioiBLB balloon is an apparatus which is supported in the 
air by making use of the presswre exercised by this on all 
bodies plunged therein. By the aid of a propeller revolved by 
a motor, it can and must move in this element at the will of 
the aeronaut. 

I can explain the fiindam^ital principle of aerostatics in a 
very few words. 

It was discovered by Archimedes, and formulated as follows : 

JBvcry body phmged vnto a fluid is subjected by this flmd to a 
** pressv/re " fnym, below to above, which is equal to the umffJU of the 
fluid dieplaced by that body. 

It is by virtue of this principle that ships float on, and fish 
swim in, water. When a body, the exterior volume of which 
is a cubic metre, is plunged into water, this body displaces a 
cubic metre of water, or, in other words, 1000 litres. Now 
1000 litres of water weigh 1000 kilogrammes. Three possi- 
bilities may then arise: the weight of the body immersed 
may be less than 1000 kilogrammes, when it will rise and 
float on the surface; or it may be exactly 1000 kilogrammes, 
in which case it will remain in equilibrium in the water at a 
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certain lerel; or, finally, it may weigh more than 1000 
kilogrammes, and then it will sink to the bottom. 

These three fiactors are realised by fish, which at will are 
able to rise to the surface, to suspend themselves in the water, 
and to sink to the bottom. To carry out these distinct move- 
ments they vary their specific gravity by the help of their 
natatory gland, a bag containing air which they can dilate or 
compress as they please. We shall see later, in dealing with 
dirigible balloons, a similar organ in the '' air-ballonnet." 

HOW DOES A DIRiaiBLE BALLOON RISE? 
THE ASCENDma EFFORT 

The principle being laid down, we may make use thereof to 
raise an object into the atmosphere ; we have only to produce 
a body, the total weight of which shall be less than that of the 
volume of air it displaces. 

Now the weight of the air is known : a cubic metre therJBof 
weighs 1*293 kUogrammes, that is to say, about 1300 grammes, 
when the temperature is at zero and the barometer indicates 
760 millimetres. On the other hand, there are " light " gases, 
such as coal gas and hydrogen. A cubic metre of the former 
at zero, weighs about 500 grammes, while a cubic metre of 
hydrogen, under the same conditions, weighs only 110 
grammes. 

Let us take this latter, the most suitable for the object we 
have in view. Let us make a huge vessel of some flexible and 
impermeable material — a "balloon" — and let us fill this 
"envelope" with hydrogen gas. Let us suppose that the 
Interior volume of this receptacle is 1000 cubic metres ; when 
filled with hydrogen it will wei(j;h 110 kilogrammes; but the 
1000 cubic metres of air that it will displace will weigh 1293 
kilogrammes. 

31ie difference, «.«., 1183 kilogrammes, will be the vertical 
upward pressure exercised on the vessel according to Archimedes' 
principle. The envelope by being inflated with hydrogen 
therefore will be capable of lifUng 1183 kilogrammes; that 
is to say, 1 kilogramme 183 grammes per cubic metre. A 
balloon thus constructed is called an aerostat. The point 
where the pressure which supports it is exerted is called the 
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centre of pressure, and its position coincides more or less with 
that of the centre of gravity of the inflated envelope. 

If, then, the weight of the envelope itself, plus the weight 
of a support to carry the motor and propeller, and the weight 
of the aeronauts does not exceed 1180 kilogrammes, the 
apparatus will rise. This difference between the vessel's 
weight and its lifting power is called its ascensional effort. If 
the total weight of the envelope and of the system it supports 
exceeds 1180 kilogrammes, the apparatus will remain on the 
ground. 

If, Instead of inflating our envelope with hydrogen, we had 
used coal gas, it would only have been able to raise 690 
kilogranmies instead of 1180 ; obviously therefore, there is an 
advantage in using hydrogen. 

The very existence of the ascenslDual effort produced by the 
pressure of the surrounding air provides the aeronaut with 
simple means to make his balloon rise or sink at will. If he 
wishes to rise, he has only to throw out of his car a portion of 
the weight it contains ; ballast, in the form of bags of sand, is 
always carried for this purpose. If, on the other hand, he 
wishes to descend, he has only to diminish the ascensional 
effort of the aerostat. This is done by allowing a certain 
quantity of the light gas it contains to escape through a vaive, 
which can be opened and closed at will. The difference 
between the weight of the air and the weight of the gas is 
then diminished ; that is to say, the pressure is reduced and 
the balloon descends. 

THE BALLOON ENVELOPE, RIGGING AND CAR 

The essential device for sustaining the balloon in the air is 
therefore the envelope, which we shall inflate with a light gas ; 
it must farther fulfil the conditions of lightness, strength, and 
impemUability. 

It must be light, because its weight forms part of the total 
weight the balloon must lift, and which must be deducted 
from the load which the apparatus will be able to carry. It 
must be strong, for it will have to withstand the strain from 
the gas with which it is filled, and also the stresses exercised 
on its various parts by the weight of the objects and passengers 
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on the one, and by the shocks and yibrations of the motor on the 
other, hand. It must be impermecMe, that is to say, must not 
allow the gas it contains to ooze through its pores, for it is 
this gas which, owing to its lightness, enables the balloon to 
rise into the air, and if any portion thereof were to escape, the 
ascensional effort would be diminished at once. 

The material now used almost exclusively for the con- 
struction of dirigible balloons is a composite fabric, consisting 
of two layers of cotton, between which is inserted a thin layer 
of india-rubber, the tenth of a millimetre in thickness. This 
material is unvarnished. It weighs 300 grammes per square 
metre; cui withstand a strain of 1250 grammes per metre; 
and has an equal power of resistance in the direction of warp 
and woof. The manufacture of this material is carried on in 
France and Germany ; it has beoome a regular off-shoot of the 
rubber industry. 

light as our envelope is, it has, nevertheless, an appreciable 
weight, to which we must add that of the '' rigging " — t.e., the 
suspension ropes by which the aerostat supports the car, that 
light, yet solid, receptacle which contains the motor and the pas- 
sei^ers, and which also carries the propeller ; — the mechanism 
which utilises the resistance of the air to drive the dirigible 
balloon forward. 

We may note in passing that an aerostat furnished with a 
motor is generally called an '' airship." 

IT IS ONLY POSSIBLE TO STEER A BALLOON BY 

THE AID OF A MOTOR 

Why was it so long before it was possible to steer a balloon 
when, so far back as 1783, man, applying the principle formu- 
lated by Archimedes, had been able to lift himself into the air ? 
It was not, indeed, until 1884 that the first circular flight was 
accomplished by Colonel Renard with a balloon which after 
aU deserved the title of dirigible. Why was this ? 

Because, before it is possible to " steer " a body floating in a 
fluid, it is absolutely essential that this body should possess 
an independent speed to permit it to move in this fluid of its 
own accord. I can illustrate this point by a very simple and 
familiar comparison. 
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Let us take a boat whieh has a rudder at the stem and is 
propelled by a pair of oars. A rower» manipulating these, 
imparts a certain speed to the boat. So long as this speed is 
appreciable, the rudder acts efficiently, and the steersman only 
has to move it to the right or to the left to alter the course of 
the vessel. But let the rower rest on his oars, and the boat, 
deprived of speed, will float "like a buoy," and it will be 
useless for the helmsman to work the rudder, because the 
latter will have no effect upon the boat, which will be the 
sport of the water on which it floats. Thus in order to steer 
the boat, we must propel it. 

In the same way we must ''propel" an aerostat if we 
want to " steer " it. But to propel it we must have a motor, 
and any motor is necessarily heavy. Let us now inquire 
into the respective weights of the motors it would be possible 
to use. 

In the first place, there is the " human motor," that is to 
say, the muscular energy of the aeronauts in the car. It is 
hardly necessary to say that this was the first motor to be 
taken into account in the earliest days of aerostation, for there 
was none other known at that period. But though such a 
dream was then possible, it is so no longer, for to-day we have 
more precise data resulting from mechanical experiments 
which have established the weight-conditions of each class of 
motors. 

The practical unit of energy is steam horse-power, that is to 
say, a force capable of raising 75 kilogrammes one metre from 
the ground in one second. This power is very much greater 
than that of the animal horse. A man represents but a 
fraction thereo£ Now mechanicians have established by 
experiment, independently of all theory, that the weight of the 
stesm horse-power translated into human muscular power, is 
about 1000 kilogrammes; in other words, it takes 1000 kilo- 
grammes of men to produce an effort equal to that of the 
steam horse! Therefore it was fiutile, obviously, to attempt 
to steer balloons by utilising the muscular power of the few 
aeronauta who controlled them . 

In the early days of steam power, motors were of consider- 
able weight. The engine of the Sphinx, the first steamship in 
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the French Navy, weighed more than 1000 kilogrammes per 
horse-power, and even thirty years ago steam motors weighed 
some 100 kilogrammes per horse-power. Hence the first 
steam engines were no more suitable for the propulsion of 
aerostats than human effort, to say nothing of the danger of 
installing a boiler heated by coal beneath an envelope inflated 
with hydrogen, an eminently inflammable gas. 

Nevertheless, steam was the power used with the first 
motor for a balloon. Its application was essayed in 1852 by 
the engineer, Henry Giffiard. Instead of using the steam 
motors already in existence, he had built one of three horse- 
power expressly for his experiment; he succeeded in re- 
ducing the weight per horse-power to 53 kilogrammes; this 
was a remarkable adiievement at the time and an enterprise 
of extraordinary audacity, taking its dangers into account. 
But the steam engine was abandoned very soon, owing to the 
risk of fire, and aeronauts adopted the electrio motor, which, 
from 1880, was regarded as the aeronautical motor of the 
fiuture. Colonel Renard succeeded in obtaining an electric 
motor of 8 horse-power, weighing only 40 kilogrammes per 
horse-power, and capable of great endurance ; this rendered 
recU aerial navigation a possibility, which he had the honour to 
accomplish first in 1885. 

But about 1890 a new engine made its appearance; rude 
and clumsy at first, it was improved and perfected very soon. 
Thanks to this invention, a new industry was bom — the 
automobile — ^which has revolutionised all our habits. The 
engine was the " explosion motor." 

Power for power, the explosion motor is the lightest known 
prime mover. To-day mechanicians have succeeded in per- 
fecting motors especially designed for aviation of the almost 
incredible weight of 2 kilogrammes per horse-power. Moreover, 
its action has been perfected ; it can start in an instant without 
preliminary preparation. The volume has been reduced pro- 
portionately to the weight, so the engine is not cumbersoma 
It is due to this development that aeronautics have become 
what we see, and that aviation has been made possible in its 
turn. The explosion motor is the only one now used in aerial 
navigation. 
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WEIGHT PER HORSE-POWER, AND PER 
HORSE-POWER HOUR 

If we oonsider a machine able to yield 100 horse-power for 
a weight of 1000 kilogrammes, we say that the ''weight per 
horse-power " is 10 kilogrammes. But such data is insufficient 
for the aeronaut in working out his constructional designs. 

We have not only to lift our vessel, but to use it, to make 
it travel, and for this purpose we require a combustible, which 
in our particular case is petrol, llien we must have water 
to cool the motor, oil to grease its mechanism, and other 
accessories necessary for its operation. In a word, if our 
100 horse-power engine consumes 1 kilogramme of various 
materials per horse-power, it will use 100 kilogrammes of 
provisions per hour. If we want to make it go for ten hours, 
it will require 1000 kilogrammes of necessaries, the T^eight of 
which must be added to that of the machine itself. 

Thus, in the example we have taken, we shall have 1000 
kilogrammes, the net weight of the engine, and 1000 kilo- 
grammes of fiiel &c., to enable it to run for ten hours, making 
a total of 2000 kilogrammea But for these 2000 kilo- 
grammes we shall get 100 horse-power for ten hours — that 
is, 1000 horse-power hours. The weight per horse-power 
hour is, obtained therefore, by dividing 2000 by 1000 ; 
which represents 2 kilogrammes. 

It is essential that we should not confound these two terms ; 
the weight per horse-power hour depends on a proper use of 
the combustible by the engine, whereas the weight per horse- 
power depends solely on the construction of the engine. As 
Colonel Renard pointed out, it is possible to have the same 
number of kilogrammes for the weight per horse-power hour 
with a light engine that consumes a great deal, as with a 
heavy engine that consumes very little ; but with too heavy 
an engine the balloon perhaps would not rise at all; and 
the first duty of a balloon, even of a dirigible, is to rise 
into the air : primvm mvere, deinde pAUosopJuiri, said the philo- 
sophers. 

To conclude what we have been saying, we may lay down 
this principle : the motor above all things, should be as light 
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as possible ; that is to say, the point of primary importance is 
to keep down the weight per horse-power. As to the 
diminution of the horse-power hour, this would merely enable 
us to prolong the duration of the voyage, or, to use a phrase 
proper to naval warfare, to extend the '' radius of action " of 
the airship. 

MARINE AND AERIAL NAVIGATION : THE 
DIRIGIBLE, THE STEAMSHIP, AND THE 

SUBMARINE 

The airship has been compared often to the steamship; 
the aerial ocean to the marine ocean. Is this a legitimate 
oomparison ? We will examine this question briefly. 

first we must note the essential and absolute difference 
between an airship and a steamboat The latter floats upon 
an element of great density, the water, in which its propellers 
find BXi appreciable fulcrum, by virtue of its great resistance : 
but a part of its hull is submerged, and it is upon this portion 
only that (the resistance which the surrounding liquid offers 
to the advance of the vessel is exercised. The balloon, on 
the other hand, is immersed completely in the liquid wherein 
it is sustained by the vertical thrust. The latter varies 
constantly owing to the weight of a gas, the thermal ex- 
pansion of which is very great, fluctuating in accordance with 
the slightest vicissitudes of temperature or of barometric 
pressure, whereas the " hydrostatic pressure " which causes the 
ship to float upon the water does not vary appreciably when 
the temperature changes. 

But no floating vehicle, be it balloon or vessel, is ever 
required to float in a perfectly immobile element. The ocean 
is agitated by marine currents such as the Gulf Stream, which 
circulates across the Atlantic, or the tidal currents at certain 
places around our coasts. On the other hand, the atmosphere 
is in perpetual motion under the action of the " winds," which 
are aerial currents. But there is a striking difference between 
these two kinds of currents. Whereas the most rapid of 
marine currents, such as the Raz de Sein on the Brittany 
ooast and the Raz Blanchard do not exceed a speed of 9 knots 
(16*500 km. per hour), the aerial currents have often very 
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ooDfliderable velocities. Directly the wind ''freshens/' as 
sailors say/itf sfsed is increased very soon from 10 to 15 
metres j|^ec6bd,%at is, from 36 to 56 kilometres an hour. 
A steamship driven at high speed — ^in the most modem types 
20, 25, and even 30 knots — ^will overcome the ocean currents 
very soon, the speed of which need only be deducted from 
that of the ship ; whereas the dirigible bsdloons are compelled 
to struggle against currents of air the violence of which 
condemn it to immobility— or to retreat. 

In short, the ship and the dirigible balloon are not com- 
parable. The only exact parallel of this kind which we could 
draw is that of the airship and the submarine, which also is 
immersed complexly in its supporting fluid. Still the 
advantage is on the side of the submarine, which never 
has to overcome the rapid currents with which its aerial 
counterpart has to contend. A juster comparison might 
be made between a dirigible balloon and a submarine 
which has to advance, not against a current, but against 
a torrent. 

We can now see how difficult a problem is the propulsion 
and steerii^ of aerostats and we can understand why it has 
taken a century to discover how to guide the machine which 
the brothers Montgolfier launched into the air for the first 
time in 1783. 
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FORMABILITT: ThE EQUILIBRIUM AND STABILITY OP 
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THE RESISTANCE OF THE AIR 

Therefore we are going to take an aerostat, and provide it 
with a motor to give it an "* independent speed " which will 
ensure its propulsion, and consequently, its direction. 

But when we thus propel our aerostat, it will experience a 
resistance to its forward movement from the surroimding 
atmosphere. Whenever we attempt to displace a body of 
any kind in a material fluid — for instance, if we try to move 
a board which we hold in our hand in the water — ^we feel 
a resistance to the movement we are trying to produce. This 
resistance does not depend upon the volume or the total mass 
of the body displaced, for we feel that it varies according as 
to whether we hold the board flat or edgewise. We also 
note that the resistance is greater, H, all other conditions 
being equal, we try to move it faster. 

Physicists on the one, and engineers on the other, hand, 
have attempted to establish the laws of this " air-resistance " 
both by calculation and experiment. They have arrived at 
the following conclusion, which is correct in the main, but 
merely approximate if we demand precision : ** tibie resistance 
ofiered by the air to a surfetce element which is moving on 
a line perpendicular to its plana is proportional to the extent 
of this surfEtce, to the square of the speed which animates it, 
and to a numerical co^ffiderU, the mean value of which is 
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0'125. Thus if the surface of the moving elemenl is 
measured in square metres, and if the speed is expressed in 
metres per second, the result represents the resistance in 
kilogrammes (Pig. 1).* 

For instance, let us consider a board, having a superficies 
of 4 square metres moving normally to its plane at a speed of 
10 metres per second; the re- 
sistance, in kilogrammes, will be 
obtained by multiplying the area, 
4, by the square of the speed, 
that is to say by 10 x 10, or 
100, and by multiplying the 
sum by the eo-^fficient 0*125 
(4 X 100 X 0-125 = 50 kUo- » 
grammes). If the speed of move- 
ment be doubled, the resistance of 
the air will be quadrupled ; it would become nine times greater 
if the resistance were tripled — and so on. 

When the moving body is faced with a " prow/' that is, a 
surface having tapering sides, which separate the molecules of 




Fio. 1. BeelBtanoe of tho air upon 
a stufiMe moTing normallj 




Fio. 2, Infloence of front shape 

Tk$ two models shown in the illuttration^ and travellimgfrom ^ft to 
rights a/re fitted with a ** prow" one epherioat, and the other eonioat^ to force 
aside the masses of air more easily. 

air without striking them sharply as would a flat surface, the 
resistance is diminished. Thus, if we take the panel of Fig. 1, 
but cause it to be shaped so as to divide and thrust aside the 
molecules of air, as would be the case if we made use of the 
hemisphere or the cone (Fig. 2) with the base of the same 
superficies as the panel, the resistance of the air to the speed 

^ The reader who wishes to know tht formmla of the redstanoe of the alr^ is 
referred to the Appendix to this book. 
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of 10 metres per second, which was 50 kilograinmes for the 
flat panel moving perpendicularly to its plane, will be but 26 
kilogrammes for the hemisphere, and only 9 kilogrammes for 
the acute-angled cone. 

Experience has shown that not only is the shape of the 
** bow " of the moving body important, but so is that of its 
"stem," or "poop." The profile of the latter may permit 
either an easy reunion of the molecules of air separated by 
the prow which glide along the sides to rejoin each other, or, 
on the other hand, its abrupt formation may cause the molecules 
separated by the prow to re-unite tumultuously, clashing one 
with another and producing eddies behind the moving bodies. 

THE SHAPE OF DIRIGIBLE BALLOONS : SPINDLE, 

nSH, AND CYLINDER 

The points we have just considered determine the shape of 
the envelope for a dirigible balloon. 

There can be no question of attempting to propel a spheri- 
cal balloon. The surface on which the resistance of the air 
would be exercised during the advance would be enormous. 
With an equal volume of envelope, it is necessary to select 
lines that present as small a surface as possible to the air as 
it advances, while preservmg the utmost lifting power. This 
condition is fulfilled by giving the envelope an elongated 
longitudinal shape. 

But what should be this elongated form ? Should it be 
that of a symmetrical spindle, an ovoid body, and in this event, 
should it advance with the larger or smfdler end foremost? 
Or should it be cylindrical ? 

The first attempts, those of Giffard in 1852, of Dupuy de 
Ldme in 1872, and of Tissandier in 1884, were made with 
''fusiform" (spindle-shaped) balloons; in other words, their 
shape, equally pointed at either end, was symmetrical in re- 
lation to the central plan (Fig. 3). But all this was changed 
when that man of genius, indisputably the father of aerial 
navigation, appeared, Colonel Charles Renard, whose early 
death in 1905 was BXi irreparable loss to science and to France. 

Renard demonstrated by his calculations that the most 
advantageous lines are those of a dissymmetrical fish (B), with 
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the largest end at the front. So long ago as the beginnmg of 
the nineteenth oentury, Marey-Monge had presaged the 
necessity of adopting this form if an attempt should be made 
to propel aerostats : " They must have the head of a cod and 
the taU of a mackerel " was his dictum. 

This, indeed, is the shape of all birds and of all swiftly 
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Fio. a. Different ihapes of dirigibles 

moving fishes — ^whales, cachalots, and porpoises. At present 
all dirigible balloons which have proved really capable of pro- 
gression are cdl con- 
structed on the lines 
worked out by Renard. 

We must now point 
out that if the conditions 
of progression and of the 
resistance of the air are 
to be normal, the balloon 
must preserve its shape 
during its course, either 
ascending or descending. 
We shall see later how 
this condition is fulfilled 
by the " air ballonnet.'' 

As to the cylindrical 
form (C), adopted in Ger- 
many by Count Zeppelin, 

it seems less advantageous. The molecules of idr thrust 
apart by the point in front exercise an exaggerated friction 
on the sides before they re-unite, thus retarding the progress 




Fio. 4. Eddying action resolting from 
flat shape of stem 

7%e item eddie$ vroduee a partial vacuum 
to whieh the traveUin4f body ttraUu to move^ 
tkut setting up a force opposed to the direction 
oftravelt and whieh ooneequently retardt /oT' 
ward mavement. 
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of the airship. The other Qerman aeronauts therefore are 
returning gradually to the pisciform shape. 

In any case, the pointed stem is indispensable, for without 
it there would be an eddy of the molecules of air, and conse- 
quently a partial vacuum which would cause antagonistic 
thrust at the prow. This pressure, acting against the forward 
movement, would retard the speed of the airship (Fig. 4). 
Therefore it is necessary at all costs to avoid such by tapering 
the rear end of the balloon. 1 

RESULT OF AIR RESISTANCE : ADVANTAGE 

OF BALLOONS OF LARGE CAPACITY, 

STRENGTH AND SPEED 

The resistance of the air to the movement being propor- 
tionate to the square of the speed, leads us to a most im- 
portant conclusion. This is, that balloons of large size have an 
advantage over those of smaller dimensions. Let me explain. 

To start with a clear idea, let us consider an airship in the 
shape of an oblong box with a square base, the latter being, 
for instance, 1 metre wide and deep, by 5 metres long. Its 
volume will be five cubic metres, and its ascensional effort, 
taking this at 1 kilogramme per cubic metre, will be 5 kilo- 
grammes. This balloon, if inflated with hydrogen, will lift, 
in round numbers, a motor the power of which will be limited 
by this weight of 6 kilogrammes; and if we suppose that 
a motor weighing exactly 5 kilogrammes per horse-power has 
been constructed, the motor this balloon can lift will be of one 
horse-power. 

Having demonstrated this, let us construct a second airship, 
a replica of the first, also inflated with hydrogen, but with all 
the dimensions doubled ; that is to say, having a squared base 
of 2 metres, by a length of 10 metres instead of 5. The 
volume of this balloon will not be double that of the first, it 
will be 2x2xl0s40 cubic metres; that is, eight times 
larger, while its surfiEtce of resistance to progression will be 
that of its base, i.e., 4 square metres. 

Thus, as we have doubled all the dimensions, the resistance 
of the air will be four times greater, whereas the volume, 
other¥ri8e the lifting power, will be eigJU times as much. 
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Now, with an ascensional effort eight times greater, it will be 
possible to lift a motor eight times more powerful, and even 
more, because the weight per horse power diminishes in pro- 
portion as the power of the motor increases. Therefore, the 
balloon, the dimensions of which have been doubled will have 
a 8 horse-power motor at least to meet an air resistance bearing 
upon four square metres ; that is to say, two horse-power pet 
square metre of the transverse section, whereas the balloon of 
half this size will have only a 1 horse-power per square metre 
of the section. The advantage is consequently all on the side 
of large balloons, and aeronauts who wish to undertake 
important journeys, and to carry large stores of fuel^ and 
numerous passengers, will find it profitable to construct 
dirigible bidloons of large dimensions, The largest dirigible 
balloon yet constructed for such a purpose is the Zqi^peUn, of 
18,000 cubic metres, whilst the smallest is the Santos Dumont 
No. 1, which gauged but 180 cubic metres. True its only 
passenger, M. Santos Dumont, weighed only 52 kilogrammes, 
and that the whole car weighed but 10 kilogrammes I 

To sum up, we may say that the volume, on which the 
power of the motor that can be carried depends, varies 
according to the cubic dimensions of the idrship, whereas 
its surfEtce, on which the resistance offered by the air to its 
progress depends, varies only according to the square. 

Finally, it is necessary to point out that tJtepotoer neeesMryto 
eomarmmeate increasing speeds to the same airshdp increases pro* 
portionaiehf to the cube of the speed. This law has been 
demonstrated by calculation and verified by experience. It 
is of vital importance, for it leads to various conclusions of 
the utmost moment Thus, to double the speed of a dirigible 
balloon, we must give it a motor power not tmcs^ but eight 
times greater (8 is the cube of 2 ; 8 = 2x2x2). 

So if we take into consideration a modem dirigible, say the 
OUment Bayard, having a speed of 45 kilometres an hour from 
motors of 100 horse-power, in order to double that speed it 
would be necessary to fit the same airship with motors of 
800 hoTse-power. It is a repetition of the naval constructor's 
wail — speed costs money. 

We see therefore that great care is necessary in oaloulatix^ 
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the elements of a dirigible balloon, when it is destined to 
undertake journeys of any length. 

THE ''RADIUS OF ACTION" OF AN AIRSHIP 

But a dirigible balloon must not be a mere object of 
scientific curiosity, or a yehicle of sport. It must have a 
useful application; it must be able to accomplish journeys. 
The longer the duration of the latter, the greater is the utility 
of the apparatus. Therefore it is necessary, first and foremost, 
to ensure long-sustained flight by the dirigible. 

Here the speed question plays a very important part, as 
does also that of the motor power it is necessary to apply to 
the airship to giYe it the desired speed. This power, as we 
have just seen, is proportional to the cube of the speed. And 
this must be taken into account if travelling velocity is not 
the sole desideratum, and if the total distance the aerial vessel 
can travel is also an important fEtctor. 

Let us consider a balloon of 3000 cubic metres, travelling 
at the rate of 60 kilometres an hour, with two engines of 
60 horse-power each. These motors consume a total quantity 
of 60 kilogrammes of petrol an hour. The balloon, carrying 
six passengers, can take 600 kilogrammes of petrol, which 
renders a ten-hour journey possibla If we take into con- 
sideration that it has to return to its starting-point, its pilot 
has only five hours' outward travel at his disposal, or, 
reckoning 60 kilometres to the hour, 300 kilometres. We 
should say under these conditions that the rading of action of 
this dirigible balloon is 300 kilometres. 

Let us now suppose that only one of the motors is working. 
The propelling power then will be only 60 horse-power; the 
speed will be divided by the cube root of 2, that is, in round 
numbers, 1*25 ; it will therefore be 48 kilometres an hour. 
But the single motor does not consume more than 30 kilo- 
grammes of petrol, and there are 600 kilogrammes on board. 
Therefore the airship will have twenty hours of travel before 
it, instead of ten; that is, ten outward and ten return. 
Consequently it will be able to travel 10 times 48 kilometres 
and still have the means of returning to its starting-point. 
We should say therefore that tmder these altered conditions, the 
radius of action of the dirigible is 480 kilometres. 
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Thus, by demanding a speed of 48 kilometres only per 
hour instead of 60, we extend the radius of action of the same 
dirigible from 300 to 480 kilometres. Hence we have 
increased it very considerably. 

This shows us how important is the consideration of the 
radius of action, especially in the application of aerial naviga- 
tion to military or geographical operations. One thing 
should be clearly understood : speed is costly on an airship as 
it is on a transatlantic liner. To double it, the motor power 
must be multiplied by eight ; the balloon therefore must carry 
eight times more fuel; whereas, by diminishing the motor- 
power by one-half, the speed is only reduced by one- 
fifth. When, therefore, airships seek to perform long aerial 
Toyages, the problem confronting them will be, how to 
reconcile the minimum speed enabling them to make way 
effectually against the prevailing winds, with a reduction of 
the motor power, which by diminishing the amount of fuel 
consumed, will enable the store of petrol to hold out sufficiently 
to reach the most distant points ! The wisest solution obviously 
would be to furnish the dirigible balloon with two independent 
motors. When a "special effort" was required, the two 
engines could be used ; but under favourable atmospheric con- 
ditions, the travellers would be content with the propulsion 
furnished by a single engine. Though the speed would be 
diminished somewhat, it would be possible to travel a good 
deal farther through the air. 

All we have said above concerning a dirigible's " radius of 
action " appUes of course to aeroplanes, for which this con- 
sideration is also of the greatest importance. 

CONDITIONS OF EQUILIBRIUM OF DIRIGIBLES 

The first condition to be fulfilled by our dirigible balloon, 
whether stationary or in motion, is that it should always be 
*' in equilibrium." 

When stationary, the airship should always maintain such a 
position that the geometrical axis of the solid body formed by 
its envelope is horizontal. Now when a dirigible balloon is 
suspended motionless in calm air, it is subjected to the action 
of two Corces ; one is its weight, P (Fig. 5), which is applied to 
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the centre of gravity of the system C formed by the envelope 
and all its supports ; the other is the thrust of the air, applied 
to a point B called the cerUre of thrust. If the envelope con- 
tained only its inflating gas, and had neither car nor cargo to 
carry, and even if the weight of this envelope were negligible, 




Fig. 5. Triangular suspension connection (indeformable) 

The edr alwayt maintaini ii$ position rdoHve to the balloon irretpeoHve 

of the tdUng of the air$kip 

the centre of thrust and the centre of gravity would coincide. 
But the addition of the weights that the envelope has to liffc 
into the atmosphere causes this result : these two forces are 
not a continuation of one another. 

As they must necessarily be equal if the balloon neither 
ascends nor descends, it follows that they will make the balloon 
turn imtil they are a continuation of one another, and our 
idrship will then take the position indicated by Fig. 5 (No. 2). 

Now this inclined position would be incompatible with rapid 
speed, inasmuch as it would increase, in the travelling direction, 
the extent of the area exposed to the resistance of the air. 
Moreover, the air gliding over the greater surfeice, arising from 
inclination, and attacking the latter obliquely, would tend to 
drive the airship downwards. We shall see later how the 
aeroplane is based precisely upon this principle. 

Hence to avoid this inclined position, the weight must be 
distributed properly along the car from MN, in such a manner 
that, when the balloon is horizontal, the two forces, pressure 
BQ and weight CP> are upon the same vertical line. Then 
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'' static equilibrium " will be ensureii We see therefore that 
the connections between the car and the envelope must never 
vary, though at the same time they must be allowed a certain 
flexibility, which is indispensable to aerial navigation. We shall 
return to this question when we deal with longitudinal stability. 

But this is not all ; the balloon, as it advances under the 
combined action of its motor, rudder and the resistance of the 
air, must preserve a general stability. It must remain per- 
ceptibly horizontal, and must not execute violent or extensive 
movements, either from fore to aft, or from right to left ; in 
other words, there must be neither '' pitching " nor " rolling." 

Every one knows the general methods of aeronauts with 
spherical non-dirigible balloons. To ascend, they diminish the 
total weight of their balloon by throwing out ballast, that is, 
part of a supplementary weight, comprismg bags of sand, 
which they carry with them. When, on the other hand, they 
want to descend, as they have no means of increasing their 
weight, they diminish the thrust of the air on the balloon by 
permitting some of the light gas in the envelope (the specific 
lightness of which constitutes the lifting power of the balloon) 
to escape through a valve. This ascensional effort diminishes 
in proportion to the amount of gas allowed to escape. The 
aeronaut therefore is able to ascend or descend at will by the 
dual means of ballast and valve. 

But this simple method cannot be applied to the operation 
of a dirigible ImJIoou. Dynamic equilibrium, that is to say 
the equilibrium of the airship in motion, must take into 
account not only its weight and the sustaining pressure of the 
air, but also the resistance of the air brought to bear upon its 
envelope, which resistance depends on the dimensions and the 
thape of that envelope ; in ccdculations, this shape is assumed 
to be invariable. Now what will happen if we allow a portion 
of the gas enclosed in the envelope to escape? When the 
balloon descends from the atmospheric stratimi from which the 
aeronaut wishes to approach the earth, it will find itself in 
masses of air, the pressure of which increases as it nears the 
ground. This may be understood easily, since the lower strata 
bears the weight of the upper strata. The confined gas, now 
insufficient to fill the baUoon as a certain portion has been 
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allowed to escape, will contract ; the balloon, no longer full, 
will become flaccid, and will lose its original shape. Con- 
sequently the centre of resistance of the air will have changed, 
as well as the centre of thrust, and the initial conditions will 
no longer prevaiL As these conditions were used as the 
basis of calculations dealing with the equilibrium of the 
airship, that equilibrium can be maintained no longer. 

THE AIB BALLONNET : RIGH) BALLOONS 

All these inconveniences are obviated by an ingenious con- 
trivance, the idea of which originated with General Meusnier, 
who formulated it in 1784, only a year afiber the brilliant 
experiments of the Montgolfier brotliers. As with all re«* 
markable developments evolved prematurely. General Meusnier's 
idea was forgotten, and it was not until 1872 that the famous 
naval engineer, Dupuy de Ldme, the inventor of the ironclad, 
resuscitated it in connection with his attempts to make balloons 
dirigible. 

We have seen above that it is absolutely essential to keep 
the balloon always perfectly inflated ; on the other hand, in 
order to descend, it is necessary to let out gas, which empties 
the envelope partially. To maintain the volume of the latter, 
it would be necessary therefore to carry a reserve supply of 
hydrogen to introduce into the envelope by means of a pump 
worked from the car. But when we consider that it would be 
requisite to carry this hydrogen compressed in very strong 
steel cylinders, we see, as a simple calculation conclusively 
t^UaZ A« a. -eight of Vh, J««y .„ml>« «t ojM^ 
would be prohibitive. Consequently, the aeronaut is obliged 
to reject this method, which is perfect firom the theoretical 
point of view, but impracticable in fact. He will rely, not 
upon a supplementary stock of hydrogen, but on air drawn 
from the surrounding atmosphere, to restore the original 
volume, and he will replace the hydrogen lost in the descent 
by an equal volume of air which he will introduce into the 
envelope by means of a pump. 

At the same time, the danger that would be incurred by 
sending this air directly into the envelope of the balloon must 
not be overlooked. It would mingle with the remaining 
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hydrogen, and produce a gas not only as inflammable as 
hydrogen, but an explosive element infinitely more dangerous. 
Here the ingenious artifice of the ballonnet comes into 
pky. 

Instead of making the interior of the balloon a single recep- 
tacle, constituting the whole interior, it is divided in two by a 
fabric partition liable to 




Air Pipe. 



Fig. 6. The Air-balloimet| 



deformation (Fig. 6). This 
partitionoccupiesthe lower 
part of the balloon, and 
there forms a space called 
the air-baUofmetiCommum- 
eating with the car below 
by a tube through which 
«ir can be pumped. 

When the balloon, at the beginning of its ascent, is inflated 
folly with hydrogen, this fabric partition lies against the lower 
part of the envelope, exactly like a lining. As the balloon 
rises, the interior gas expands, because the outer air becomes 
less dense, and a portion of this gas escapes through automatic 
valves. The balloon therefore remains fully inflated so long 
as it rises. But when the descent begins, the gas, diminished 
by the quantity which has escaped during the ascent, no longer 
suffices to fill the envelope, which would then become flaccid, 
lose its original shape, and compromise the general equilibrium. 

This is when the ballonnet comes into action. By means of 
a pump installed in the car, the aeronauts force air into the 
ballonnet, until the sum of the new volume it acquires and that 
of the remaining hydrogen gas reconstitute the total original 
volume of the aerostat. In this way the initial conditions of 
equilibrium are maintained always, in conformity with the 
calculations of the constructors. 

The air-ballonnet, as will be seen, fulfils in aeronautics the 
same function as the " natatory gland " of fish, which enables 
these latter to maintain equilibrium in water under all 
conditions. 

There is another way of ensuring this permanence of form 
so essential to the dirigible balloon. That is to make the 
))alloon ri^^ Tlus Ut^ h.eroic solution haa be^n adopted by 
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Count Zeppelin for his gigantio Zeppelin balloons, the largest 
of which attained 18,000 cubic metres. 

To ensure this invariability of form, the balloon is famished 
with an absolutely rigid metallic " carcase," made of aluminium 
tubes. This skeleton is diyided into several compartments, 
and a very strong yet light fabric is stretched over the whole. 
This is the outer envelope, on which the resistance of the air 
is exercised during the flight of the wship. In addition, there 
is, in the interior of each compartment, a balloon of air-tight 
rubber fabric, which is inflated with hydrogen. Thus the 
airship contains a certain number of balloons, the sum of 
whose lifting power constitutes the total ascensional effort. 
The external form is invariable, owing to the material of the 
envelope and the framework on which it is stretched. 

It may be seen at a glance what colossal difficulties such an 
arrangement presents ; the difficulty of constructing a trellised 
cylinder 120 metres long and 11 metres wide, to say nothing 
of its expense ; the labour in fixing the external envelope ; and, 
finally, the complication of inflating the elementary bsdloons 
contained in each of the compartments. Successive catas- 
trophes have shown the difficulty if not impossibility of 
managing such masses both at starting and landing. We 
shall discuss this question later on. But in any case it is 
difficult, and also very perilous, to give the body of an airship 
a rigid substructure. 

Despite these difficulties, the indomitable perseverance of 
Count Zeppelin, the patriotism of his countrymen, who placed 
the requisite financial assistance at his disposal, the friendly 
support of the Emperor William, and the admirable Oerman 
military aeronautical organisation, have enabled several of 
these vessels to be constructed, which, owing to the advan- 
tages arising from their large dimensions, have been able to 
accomplish some remarkable journeys, though six or seven 
came to an unfortunate end. 

ALTITUDE STABILITY : ELEVATORS 

This question of " stability " is of the utmost importance, 
therefore. It is the basis of aerial navigation. 
Every one knows that the a^ostat, whether dirigible or not, 
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can rise or sink at will by the action of ballast or escape-valye. 
The skill of the aeronaut lies in economising the expenditure 
of these two essential elements ; the ballonnet, under these 
conditions, ensures the permanence of the exterior form. 

But this double action, expenditure of ballast and expendi- 
ture of gas, soon places the aerostat hors de conJxU. Therefore 
it is essential to preserve carefully a sufficient stock of ballast to 
guard against the always possible dangers of a difficult or 
unexpected landing ; sufficient gas must be preserved also to 
enable a quantity thereof to escape at the last moment to 
descend sharply. Thus it has been found necessary to invent 
something else for dirigible aerostats destined to undertake 
long voyages, and this new appliance is the '' elevator." 

A dirigible balloon, indeed, requires motive power, which, 
through the intermediary of a propeller (generally a screw), 
provides the independent speed without which it is impossible 
to steer. But of this motive power, employed for horizontal 
propulsion, a small portion may be diverted which will serve 
for vertical propulsion ; that is to say, in the particular case 
we are considering, it may be used to make the aerostat rise 
or sink slightly, without any expenditure either of gas or 
ballast. 

The arrai^ement consists in providing the dirigible balloon 
with planes which can be inclined as desired, and are known as 
** elevators." These planes move about a horizontal axis, placed 
transversely to the axis of the balloon (Fig. 7), and may be 
disposed in the centre, or fore or aft of the apparatus. In our 
Figure, we have supposed that they are placed at the tail of 
the pisciform envelope. A glance at these two Figures will 
convince us of their controlling action ; they raise or depress 
the *' nose " of the balloon at will, just as the ordinary rudder 
turns it to the right or left. The same thing happens if they 
are placed in front. (Generally speaking, it is difficult to attach 
them to the envelope itself, and thus they are placed on the 
car, as in the case of the Cltment-Bayard (Fig. 24), where we 
see this rudder, in the form of three parallel planes, placed in 
front of the long car, immediately behind the screw propeller. 
This apparatus is also called the '' stabilisator." 

The elevators may be placed also towards the middle 
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either of the envelope or of the car. In this case the action, 
by virtue of the resistance they offer to the air, no longer 
serves to raise or depress the stem or the bow, that is to 
say, to incline the balloon, but to lift or lower the whole 
body. 

It has been proposed to obtain the same result by means 
of screws with vertical axes, which would, of course, revolve 



Sixe^ion of Travel. 




cUcm of Atr resistance 
vpcnx the 
rudder 



rudder 
(ascendlin^ 




ElevaHnjl rudder 
(aescendinl) 



Fia. 7. Action of the eLevator 
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horizontally. Their action, in this case, would have the effect 
of raising or lowering the airship by exercising pressure 
thereon either from above or below, according to the direction 
in which they were rotated. A more rational proposition is 
to fit the propeller shaft with a universal joint, so that it 
could be inclined either upwards or downwards. But neither 
of these expedients is as simple or efficient as the elevator, 
which is now in general use. 

STABILITY OF DIRECTION : LONGITUDINAL 

STABILITY 

"Route Stability," or ''StaWlity of Direction," consists of 
the following condition which the balloon ought to fulfil^ — its 
axis must always be turned in accordance with the direction 
of the course it is desired to follow (Fig. 8). This stability 
is a quality which is exercised in the horizontal plane; we 
must therefore suppose that in Fig. 8 the dirigible balloon 
is seen from above and is travelling parallel with the ground. 




FlO. 8. Route Btability 
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How is this stability to be ensured? In the following 
manner : as soon as the balloon shows a disposition to deviate 
from the direction it ought to follow, TT, a direction which is 
tai^ent to the course set down, it must be brought back by 
the resistance of the air itself. For this purpose, continuous 
use may be made of 
the " steering rudder/' 
which, like the rudder 
of a boat, serves to 
direct the airship from 
right to left. But this 
method would be 
fatiguing to the 
helmsman, and not 
sufficiently efficient to 
prevent unforeseen 
divergences. Aero- 
nauts, therefore, prefer 
to ensure stability of direction by the design of the balloon 
itself, and this is the chief reason for adopting the Unes of 
the fish, with the larger end in front. Then the centre of 
gravity of the balloon is brought to the front, and the 
'' leverage " of the stabilisating elements formed by the stem 
of the envebpe is efficiently augmented. 

However, the envelope of the balloon itself would not 
suffice, so just astern of the latter "stabilisating surfaces" 
have been disposed, formed of vertical planes fixed to the 
envelope, forming, as it wete, a keel for the dirigible analogous 
to the keel of a ship. By this means, stability of direction is 
obtained naturally, without having recourse to the ordinary 
rudder, which is used only for steering. 

Still we have to consider '* longitudinal stability." What is 
this third stability ? It is the property of remaining always 
horizontal or nearly so, which the balloon ought to retain, 
through whatever evolutions its pilot may pass it. In other 
words, it is the property of not '' pitching." 

This longitudinal stability is much more important even 
than stability of direction. Should the latter be imperfect, 
the aeronaut corrects it readily by using his steering apparatus 
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more frequently. But if longitudinal stability is defective, the 
balloon may incline in a dangerous manner, and here the 
necessity of an unvarying connection between the car and the 
envelope appears more important than ever. 

If, in fact, the balloon and the car are united by unvarying 
attachments, the suspension being triangular when in a state 
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Fig. 9. Longitudinal stability 
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of equilibrium, the thrust and the weight are in the extension 
of one another. If the balloon inclines, the car retaining its 
relative position, the weight is no longer in the prolongation 
of thrust ; but then the two forces tend to " trim " the airship. 
If, on the contrary, the suspension is liable to displacement 
(Fig. 10), we see that if the dirigible be tilted for some 
reason, its equilibrium would not be restored by the action of 
the weight of its car and cargo. 

Therefore, the suspension must be incapable of displacement, 
and for this reason the idea of making the balloon rigid, and 
of uniting it to its car by rigid attachments, has occurred often 
{Zeppdin, Pax, for instance). But absolute rigidity involves 
terrible drawbacks ; all rigid balloons so far have finished up 
with accidents. Aeronauts in general have decided in favour 
of triangular suspension (Fig. 9); these are sufSciently un- 
varying, as long experience has shown. 

One of the most serious causes of longitudinal instability 
18 due to the gas which fills the balloon ; its tendency is to 
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augment any inolination produced accidentally. This gas, 
from its very nature, is compressible, and on the other hand, 
the envelope of supple material is essentially deformable. A 
transverse section of an inflated balloon would not therefore 
be a circle, but an ovoid figure (Fig. 11), the larger end of 
which would be uppermost. There are two reasons for this : 
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in the first place, the traction of the suspensory ropes of the 
car compresses the envelope laterally from A to B and from 
A' to B^ making it almost flat; in the second place, the 
interior gas, being lighter than air, tends to accumulate in 
the upper part, and this force acts obviously in the same 
manner as the former, deforming the transverse section of the 
balloon. 

At a glance, this deformation would not appear to have any 
injurious influence on longitudinal stability; yet, the last 
cause we have put forward may be adverse to this stability. 
Let us suppose, for example, that the balloon tilts as in 
Hg. 12 ; the interior gas, which is lighter than air, immediately 
rudies to the upper part, leaving the lowered end insufficiently 
inflated. The centre of thrust B is displaced towards the right, 
and as the two forces which would tend to restore the eqmli- 
brium of the balloon, BP and CP, will be less and less distant 
from one another, this restoration will not take place. Such 
a contingency would be serious indeed if the balloon were 
imperfecUy inflated, but with a fuU balloon, this accident is 
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less to be dreaded. Thus the function of the ballonnet is 
doubly important, because it ensures permanent inflation, and 
consequently persistent stability, for the air of the ballonnet, 
imprisoned in its special envelope, cannot accumulate in the 
lowered part of the dirigible. Colonel Benard even subdivided 

the ballonnet into flexible com- 
partments without any inter- 
communication in such a man- 
ner that the air contained 
therein could in no possible 
case accumulate by its own 
weight or inclination at either 
end thereof (Fig. 12 B). 

Aeronauts have every reason 
to dread the inclination of air- 
ships, and to avoid them by 
every possible device. Besist- 
ance of the material, the 
suspension, &c., is calculated 
on the assumption that the 
airship will be horizontal, or 
very nearly so, in which case 
the strain is distributed equally 
throughout the suspension and 
on all the materiaL If, on the 
contrary, the airship should 
incline in an exaggerated and unforeseen fashion, there would 
be elements which carried no strain at all, while others would 
be overloaded ; serious accidents have resulted from such a 
cause. 

Accordingly the operation of filling the ballonnet is a most 
important operation in aeronautics. Many constructors now 
make it automatic in action. A pump is continually driving 
air into the ballonnet, while a valve in the latter opens as soon 
as the pressure of the air exceeds a given point ; the super- 
fluous air escapes into the atmosph^e, and the pressure within 
resumes its normal value, ensuring the constant preservation 
of shape. 
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REALISATION OF DYNAMIC EQUILIBRIUM: 
CRITICAL SPEED : THE "EMPENNAGE" 

It tras in 1904 that Colonel Charles Renard first formulated 
the exact laws concerning the dynamic equilibrium of dirigible 
balloons, discovered the causes which render this equilibrium 
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Fio. 12. Action of the ballonnet 

precarious, and at the same time indicated by what means it 
might be obtained completely. Let us now summarise briefly 
the results achieved by this distinguished officer. 

We will commence by noting that if we took a symmetrical 
fusiform balloon, tapering equally at each end and suspended on 

a horizontal axis pads- 



Axis of suspension. 




Axis of suspension 



log through its centre 
of gravity, this balloon 
would be in a state of 
« indifferent " longitudi- 
nalequmbrium(Fig.l3). 
If the axis of the balloon 
is horizontal, and if a 
horizontal current of air 
bears upon it, the bal- 
loon will be in equili- 
brium, but an equilibrium essentially "unstable," for it is 
proved, that so soon as the envelope thus suspended inclines 
ever so slightly, this inclination will increase until the axis of 
the balloon is perpendicular to the current of air ; in other 
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words, till it stands on end. This position is inadmissible, 
for it would show absolute instability. 

If, instead of a symmetrical^ fusiform balloon, we take a 
pisciform balloon, with the larger end in front, the instability 
would still persist, though it would be diminished considerably. 
Here we are not in the domain of theory but of experience, for 
it was by dint of innumerable experiments, carried out with 
admirable method, that Colonel Renard obtained all the 
results we are now discussing. In the case of a pisciform 
balloon the disturbing effect is due, in unequal degrees, to the 
diameter of the balloon, its inclination and speed, whereas the 
stabilisating effect depends on the inclination and diameter of 
the balloon, but not upon the speed. The disturbing fetctor 
in the equilibrium is attributable solely therefore to speed, and 
develops very swiftly as the speed is increased. 

It will be understood readily that there is a certain speed 
for which the two effects are equal, and beyond which the 
disturbing effect^ depending on speed, will overpower the 
stabilisating effect. This velocity Colonel Renard called 
" critical speed." If this be exceeded, the equiUbrium of the 
balloon becomes unstable. The most remarkable feature of 
Colonel Renard's brilliant labours in this field is, that they are 
not only the expression of scientific calculations, but, above 
all, of experimerUs condilcted on highly skilled lines, experiments 
in which the gifted aeronaut submitted keels of various shapes 
and dimensions to the action of a current of air which he 
could modify at will 

The question arises naturally as to whether this ''critical 
speed " is very high. As a matter of fact it is relatively slight, 
as the following figures will show. Let us take, for instance, 
a dirigible pisciform balloon of the type Za France. Its 
critical speed is 10 metres a second, or 36 kilometres an hour, 
and a 24 horse-power motor suffices for this speed. Now the 
lightness of modem engines is such, that a balloon of this type 
could lift easily a motor of from 80 to 100 horse-power. 
With such a motor theoretically it might have a speed of 
15 metres a second, or 65 kilometres per hour, but it could 
not accomplish this in practice ; for, its critical speed being 
36 kilometres, its equilibrium would become unstable if this 
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were exceeded. In, fact long before this velocity was attained, 
the stability of the airship would become precarious and 
totally inadequate. 

Therefore it would be useless to essay the lightening of the 
motor, that is to say to increase the speed of balloons, unless 
we had a means of en- 
suring its stability, for, as 
Colonel Renard wittily ob- 
served in the case we have 
quoted: ''If the balloon 
were provided with a motor 
of 100 horse-power, the 
first 24 would drive it, and 
the other 76 would break 
our necks." 

This means of stabilisa- 
tion is the empemiage ; the 
systematic use of rigid 
planes, both vertical and horizontal, passing through the 
axis of the balloon, and placed well aft of the centre of 
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gravity. The resemblance of a balloon thus fitted to a feathered 
arrow is obvious ; hence the name of the apparatus. 

With a balloon of the size of La France (60 metres long and 
10 metres in diameter), the surface necessary to achieve strict 
empermation, i.e., to annul the disturbing effect, is 40 square 
metres, lying 25 metres behind the centre of gravity. By 
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slightly augmenting tke surface and the distance, a degree of 
security higher still is secured. 

But how is this " empennation " to be carried out ? In the 
Lebavdy balloon it was fiilfiUed by means of surfaces affixed to 
the framework betwe^a the balloon a^d the oar ; in La Ptdries 
a still better plan was adopted, for the feathered arrow was 
realised literally by fitting four surfaces in the form of a cross 
to the stern of the envelope, as shown in Fig. 14. Colonel 
Renard pointed out another method of obtaining the effect of 
the empennage without the use of rigid planes, difficult to fix 
to the envelope of the airship and tmiding to overload the 
prow. This was to affix to the stem of the envelope elongated 
ballonnets projecting from the body of the balloon. This 
method was adopted by M. Surcouf in two different forms: 
cylindrical ballonnets for M. Deutsch's VUle de Paris (Fig. 15), 
and conical ballonnets for M. Clement's Bayard. . Being 
inflated with hydrogen, their weight is counteracted, and 
they no longer constitute a useless and unsymmetrical supple- 
mentary load to the airship. 

There are other means by which such instability may be 
overcome ; the use, for instance, of a very elongated car, which 
allows a considerable weight to be displaced from stem to 
stem. This method was adopted in the Zeppelin ; but such 
an arrangement is difficult to work, and the empennage is at 
once simpler and very much safer. 

POINT OF APPLICATION OF THE PROPELLINa 

FORCE : "DEVIATION*' 

Where should the motive power which is to propel the 
dirigible balloon be applied ? At what point of the complex 
system formed by the envelope, its rigging, &c., should the 
propulsive force act ? We have to examine this question yet. 

As the essential sustaining part of the airship is the envelope, 
it is this which offers the maximiun resistance to the air. 
Theoretically, therefore, the propelling effort should be applied 
to the axis of the balloon itself, as many inventors have 
maintained. Several, indeed, have sought to put this theory 
into practice, notably the unfortunate Brazilian Severe d' Albu- 
querque with his balloon Piza;, which ended in a catastrophe^ 
and the constructor Rose, who produced a twin airship, the 
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axis of the sorew being between the two balloons which 
constituted his system. 

This conception would be a perfectly just one if the car 
and the rigging offered no resistance to the air; but their 
resistance is £eu: from negligible. The car has a transverse 
section of several square 
metres, and the sum of the 
8urfjEU)es, [Mresented by the 
suspensory ropes is enor- 
mous. For instance sup- 
pose the latter to be steel 
cords of three strands, each 
of three threads, that is, 
nine threads to the cord; 
their diameter is about three 
millimetres ; their length be- 
tween thecar and theballoon 
about ten metrea One of 
these ropes would therefdre 
offer a resistii^ surface of 
about 300 square centimetres or three square decimetres; ten 
would represent a sur£BM)e resistance of about one-third of a 
square metre, while sixty cords would equal two square metres. 
Add to this the sum of Uie sections of the knots, splices, pulleys, 
ropes used in the manceuvring of the vessel, transverse members, 
the pipe carrying the compressed air into the ballonnet by the 
aid of the special pump, the surfeM^es of the rigging, guide-ropes, 
&c., and finally the surfaces of the passengers, and a sum of 
resisting surfaces is soon obtained, beyond the sustaining 
envelope, and equal to a quarter, a third, and even more of 
a transverse section thereof. If, therefore, we represent the 
resistance offered by the envelope as BR (Fig. 16), and that 
offered by the car and its accessories as CR^ the motive-power 
AF must be applied at the pcnnt A, between B and C, and 
nearer to B than to C, to ensure the permanently horizontal 
position of the system under the combined action of motive 
and resistance efforts. But, on the other hand, it is difficult, 
a^ least in the present state of aeronautical penstruction, to 
attach the shaft of the screw to the envelope itself, without 
using rigid envelopes such as those of the Zeppdi/n or the Pax. 



Fig. 16. Point for applying the 
propelling effort 

The ttaittcmoe of the a/ir bean pa/rUf 
upon the envdope at the pointy B, cund the 
oar, together with tto equipment, at Ot 
OoneeqyenUy the propelUng eijfort ehoM, 
he applied at A, to overcome 3ie reeuUant 
of the tido re$istanoe$ 




Fig. 17. Rational disposition of 
the screw 
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Perforce, therefore, the aeronaut has to be content to apply 
the propelling power to the car. Hence a tendency in the 
dirigible balloon to tip up at the nose, because the force F is 

not exercised directly at the 
point of application A, the 
resultant of the two forces R 
and R^ The constant use of 
the elevating rudder becomes 
necessary, and we find that 
this tilting is the more pro- 
nounced the farther the car 
is from the envelope. The 
term "deviation" is used to 
describe this tilting effect produced by the action of the pro- 
peller. 

It will be understood that this " deviation " will be modified 
in proportion as the car is brought closer to the balloon ; but 
such is limited by the danger of installing an explosion motor 
too closely to an envelope containing an inflammable gas. 
The golden mean must be observed. If the car were too far 
from the balloon, the tilting effect would be very great, and 
the balloon would incline without advancing. 

Ciomte de la Vaulx found a very ingenious solution of this 
difficulty. He fixed the screw H (Fig. 17) to a shaft HE 
at a point between the envelope and the car. The latter 
contains the motor which works the shaft HE through a 
transmission system. This is a very rational solution, and it is 
possible that it may be followed widely in airship construction. 
As to the position of the propeller, this may vary con- 
siderably. Colonel Benard and M. Surcouf, the constructor of 
the dirigibles Bayard-CUment and Ville de Pwris, place it at the 
prow of the car ; under these conditions it draws the balloon. 
Other constructors place it at the stem. This was the plan 
adopted by Giffard, Dupuy de Ldme, and the brothers 
Tissandier. M. Julliot, the engineer, to whom we owe the 
Lehcmdy and the Patrie, introduced two screws, which he fixed 
outside the car, on either side and almost in the centre. We 
see then that various arrangements are in use. But on the 
whole there seems to be a preference to place the propeller at 
the prow of the car. 



CHAPTER III 
THE WIND AND DIRIGIBLE BALLOONS 

The abbonaut's wobst eni^mt : How wind intervenes 

IN THE PBOBLEM OP AEBIAL NAVIGATION : RELATION 
BETWEEN WIND AND AIRSHIP SPEED : ThE " APPROACH- 
ABLE ANGLE " : Accessible and inaccessible regions 

WHAT IS WIND ? 

Wind is simple to define : it is the movement of atmospheric 
masses in a horizontal direction; the displacement of air 
parallel to the surface of the earth. Its study is one of the 
principal objects of that branch of physics called meteorology. 

Meteorology, or rather the study of atmospherie phenomena 
over continents, otherwise called " Continental meteorology/' is 
relatively backward, as compared with nautical meteorology. 
The reason is that the immense and uniform surfetce of the 
ocean allows molecules of air to obey the laws of equilibrium and 
the movement of fluids freely, whereas the surface of the land, 
bristling with an infinite variety of obstacles, offers much 
greater difficulty to the establishment of clearly defined laws. 
Moreover, the waters of the sea cover nearly three-quarters of 
the surface of the terrestrial globe ; it is above them, there- 
fore, that the great laws of atmospheric movements are 
demonstrated. Finally^ all sailors are meteorologists, whereas 
on land keen observers are rare. This fact has given rise to 
the sarcastic definition of meteorology as a science which 
consists in knowing what kind of weather it was yester- 
day. 

Tet it is with winds blowing over land that aeronauts will 
have to reckon, at least, in their early days. The moment has 
not yet come (though, indeed, it may not be fetr distant) when, 
launching themselves boldly over the sea, they will have to 
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struggle with oceanic winds, and consequently to ezperienoQ 
personally the laws of nautical meteorology: 

The wind is differentiated by ita direction and its vdoeiiy, or 
its force. Its diredion is indicated from the point of the 
horizon whence it blows ; a north-east wind is a wind which 
blows &om the north-east, and so forth ; the so-called " com- 
pass-card " of the ma- 
riner gives all wind 
directions by initials 
(Fig. 18). 

The velocity of the 
wind is reckoned in 
metres per second ; we 
should say, for instance, 
a wind of 7*50 m. per 
second. By multiplying 
the speed in metres per 
second by the factor of 
3600, the number of 
seconds in an hour, we 
get the speed fbt the 
wind in kilometres per 
hour. A wind of 10 
metres a second is, therefore, 36 kilometres an hour ; the 
wind of 7'50 m. corresponds to 26 kilometres an hour. 

The force of the wind may be measured by the pressure 
it exerdses upon a stationary object opposed perpendicu- 
larly thereto. Siulora have deduced from centories of navi- 
gation in sailing-vessels that Uie pressure of a wind mftkiTig & 
metre per second upon a surface of one square metre perpen- 
dicular to its direetioD is 0'125 m., or, in pkun words, 125 
grammes per square metre. This pressure increases in 
proportion to the surface of resistance, and in proportion to the 
square of the wind's speed. With a wind blowing 2 metres per 
Hecond, it would amount therefore to 4 x 0'126 kg., or 600 
gTammes per square metre ; for a wind travelling at a speed 
of 4 metres, it would be 16 X 0*126, or 2 kilc^ammes per 
square metre, and so on. 

When the velocity of the wind becomes considerable, the 




Fio. IS. Oompaii-ixrd 



WIND AND DIRIGIBLE BALLOONS 87 

preBSure it exercises upon fixed obstacles becomes enormous ; 
a wind of 25 metres per second, or 90 kilometres an hour, 
would exercise a pressure of 26 x 25 x 0*125, or nearly 80 
kilogrammes per square metre. The accident which resulted 
in the loss of the dirigible balloon La Patrie was due to this 
tremendous force. , . * / 

WIND AND THE AERONAUT 

Let us now define this idea of the wind rather more pre- 
cisely, for, in Uie special case we are studying, an inaccurate 
idea thereof is formed often, and it must not be forgotten that 
it is in the very bosom of the atmosphere that we encounter it 
with our dirigible balloons. Let us therefore study the wind, 
not in its relation to the ground, but in its relation to the 
airship. 

If we were in a spherical balloon, it would be susceptible to 
this pressure so long as, in process of inflation, it was held to 
the ground by mooring ropes ; the '' force of the wind " would 
tend to beat it down upon the ground or to tear it from the 
hands of those who were holding and keeping it stationary. 
But so soon as its moorings are cast off, so soon as the balloon 
rises into the air without any propelling mechanism, the aeronaut 
is only conscious of absolute calm : the wind, in £Etct, is im- 
perceptible to him, because the wi/nd is a rdaiim movement of 
the molecules of air in respect of an observer stationed upon 
the ground. Once in the air, a spherical baUoon forms part 
of the atmosphere. It is carried tdong by the wind itself, and 
moves wUh it; it is not displaced m rdation to it. So long as 
the balloon neither rises nor sinks, a little banderole fast^ied 
to the rigging hangs vertically, without fluttering in the wind 
as it would were the balloon held to the ground. 

CansequemUy so far as concerns the aeronatU who belongs^ not to 
the earth, but to the atmoephere, wind is non-existent; these were 
the words enunciated by Colonel Renard the first time he 
described in public his experiments in connection with the 
steering of balloons. If then we were to take an airship, 
dirigible or otherwise, everjrthing in connection therewith 
woiUd happen as if the air were still. If the balloon is dirigible, 
that is to say, if it is furnished widi a motor and a propeller^ 
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and if these forms have b#en logically defflgned, the aeronaut 
could move in this atmosphere in any direction, as if the wind 
did not exist ; as his balloon advanced, he would have the 
same sensation as if he were passing through an absolutely 
calm atmosphere. He would have an impression of vnnd, but 
this wind would have nothing in common with that which 
blows over the surface of the earth ; it would be a current of 
air from the stem to the stem of the balloon, created by the 
(uroncmt himself by his advcmce ; it would be the result of the 
displacement of the balloon by its propeller. Stop the latter, 
and calm would be restored at once ; the aerial navigator would 
feel no longer the slightest current of air. 

To sum up, then, we may say with Colonel Renard that 
" the balloon belongs to, and has nothing to fear from, the air. 
If it is furnished with a propeller and a motor, in a word, if 
it is dirigible, the wind changes nothing, neither in the nature 
of the efforts it has to undergo during the voyage nor in the 
speed of its displacement in relation to the aerial ocean in 
which it floats. Everything is just as if, the air being perfectly 
still, the earth were flying along beneath with a speed equal 
and contrary to that of the wind." * 

In the case of the aerostat, as of the airship, the wind there- 
fore signifies, from the final result point of view, a relative 
displacement ofthegrownd, exactly as if the aerial swimmer being 
stationary, the earth were carried along by the current of air. 
From this we shall note interesting results, which will show 
us the limitations of the efficient action of dirigible balloons. 

INDEPENDENT SPEED AND WIND VELOCITY : THE 

APPROACHABLE ANGLE 

Let us imagine (Fig. 19) hovering over Paris, an ''aerial 
fleet,'' t comprising a central balloon, playing the part of a 
flagship, occupjring the centre of a circle formed by six aerial 
cruisers. All the engines have been stopped, and the flotilla 
IS for the moment motionless in relation to the air. The 
wind is blowing from the west at a speed of 8 metres per 
second, that is say, 29 kilometres an hour. 

^ Oolonel Oh. Renard : La Navigation a^rimne, a lecture delivered at a meeting 
of the BociM dee Amif de la Science, April 8, 1885. f ^^>*^ 
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The admirars balloon issues a command : the six cruisers 
are to effect a reconnaissance, each going off in a different 
direction, while the balloon in command will remain stationary 
to await their return. Let us imagine all these cruisers 
travelling at the same speed, 6*50 metres a second, for 
instance, or 22 kilometres an hour: this is the independent 




Fig. 19. Example of relative wind 

speed of each in calm air. At the end of an hour they would 
all be 22 kilometres from the admiral's balloon; in other 
words, they would be distributed on the circumference of a 
circle having a radius of 22 kilometres, the geometrical centre 
of which would be occupied by the " flagship." This is what 
would be happening in the air. Now let us see how our 
seven balloons have been disposed dbove the grov/nd, taking into 
account the wind, which is blowing at the rate of 8 metres a 
second, or 29 kilometres an hour. 

The earth will appear to have fled towards the west 
precisely at the speed of the wind, that is, 29 kilometres an 
hour. Thus Paris, which just now was immediately under 
the admiral's balloon, will be removed 29 kilometres west of 
the " flagship," which, having stopped its engine, has remained 
motionless in the air. Below this balloon will stretch a new 
region, that of the Mame, and Lagny is now the centre of the 
circle with a radius of 22 kilometres, on the circumference of 
which the six aerial cruisers are distributed symmetrically^ 
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Consequently the west wind has had no effect really but that 
of displacing the whole aerial fleet mi bloc towards the east 
by a distance of 29 kilometres under the wind. Therefore 
it has made no change in the relative positions of the 
airships. 

Equipped with this result, we may determine now the 
points which the dirigible balloon could attempt to reach, 
taking into account its independent speed and the velocity of 
the wind. 

Let us imagine our balloon, with its motor and propeller, 
having an independent speed of 6*50 metres per second; this, 
as we have already explained, amounts to saying that in 
absolutely calm air it would travel 22 kilometres an hour. 
Let us suppose that this independent speed differs from that 
of the wind, which we will take to be 8 metres a second 
(29 kilometres an hour). The balloon sets out from the 
point P (Fig. 20), in the direction FA, at an independent 
speed represented by the length, PB: this would mean that, 
if there were no wind, at the end of an hour it would have 
arrived at B. But the wind is blowing in the direction PS 
with a velocity represented by PV. The baUoon, therefore, 
wiU travel along the route indicated in length and in direction 
by the dif^oniJ PR of the parallelogram PBVB, and at the 
end of an hour, under the combined action of its independent 
speed BP and that of the wind, PV, it will have arrived 
at the point R, having throughout preserved the direction 
represented by the silhouettes (1) and (2). Consequently should 
the velocity of the wind be greater than that of the airship, and 
should it be directly opposed to the latter, there would be regions 
in the atmosphere inaccessible to the airship, which could deviate 
only by the aid of its motor from the direction of the wind, as 
is cAiown in Fig. 20. Now we will look more closely into this 
question. But a little careful attention on the part of the 
reader is necessary, for it must be pointed out that the whole 
secret of dirigiblity in the air is explained in the following 
paragraphs. Three varying conditions might prevail : 

1. The independeTVt speed of the haUoon is less than that of the 
wind, (Fig. 21.) Let P be the starting-point of the balloon, 
and let us take the line PA to represent its independent speed. 
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This means that if the fur were oahn, at the end of an houx 

tiie urship would find itself Homevhere on the oircumfarenoe 

of the oii^ C, the centre of which ia P, and the ladiua of 

which corresponds to the speed PA. But the wind ii blowing 

with a speed V , greater 

than v: aocoidingly, 

the whole circle, C, at 

the end of an hoar is 

transported to C, and 

ibo balloon will be 

somewhere on this new 

circle C, which is, from 

thifl very &ot,the circle 

of points approachable 

in the space of an 

hour, the distance, PF', 

being equal to the 

velocity of the wind. Thenfme the only points of the gpaee 

which the balloon can reach will he those eompriaed within the angle 

farmed &y the temgmta leading from the point P to the drde C, 
i,e,, oompriaed in the 
r^on which is shaded 
in the figura Ail 
the remaining spaoe 
would be inaccessible 
to the balloon. Con- 
sequently the aceeMtible 
an^ will be greater, 
the less the differenoe 
between the velocity 
of the wind and the 
independent speed of 
the balloon. The space 
would be »a if the 

speed of the balloon itself were nU ; this is the ease with free 

balloons, which can only move along the line PF'. 

2. The independent ^aeed of the balloon w equal to the vnnd 

vdoeity (Fig. 22). — ^The balloon is at the point P, its indepen- 

dent speed is FA, which is equal to the velocity of the wind. 
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If there were no wind, the balloon at the end of an hour would 
be somewhere on the circumference of the circle C ; bub the 
wind is blowing with the speed FF, exactly equal to that of 
the airship itself; the circle C is therefore transported to C 
and at the end of an hour the balloon is on the circumference 
of C. The shaded angle 
in Fig. 21, which has 
become more and more 
obtuse as the values of 
the two speeds approxi- 
mated, becomes equal to 
two right angles, and the 
accessible region com- 
prises the entire half of 
, the space ; is to the right 
of the tangent from the 
point P to the circle C 
3. The i-ndependeni 
gpeed of the balloon is 
greater than the velocity 
of the wi7id(Fig. 23). — 
In this case there is no 




Tht airtJiip U able to move in tilt wAoIe ht^ 
o/lhe thadti ana to tht right ofiu ttarUng- 



speoial angle to define the accessible re^ona ; the whole space is 
available to the airship, even in the direotion contrary to that 
of the wind, and if the balloon goes dead ^unst the current 
of wr, it will advance in respect to the ground with a speed 
equal to the difference between its independent speed and the 
velocity of the wind : therefore all space is oaxssiAle to a dirigible 
ialio<m whose iwiependent speed is greaier than the wind velocity. 
The latter is the essential and sufficient condition governing 
perfect dirigibility. 



PRESENT CONDITIONS OF DIRiaiBILITT IN RELATION 
TO THE WIND 
We know now under what conditions an aeronaut can hope 
to reach any given point. Are these conditions compatible 
with the average state of the atmosphere; in other words, 
with the average wind velocities prevuling in our part of the 
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world ? Here we must rely on observatioD alone for a satis- 
factory answer. 

Our official meteorologists are silent on this point as on 
many others in their treatises ; so it has been requisite for our 
aeronauts to make the experiments necessary to obtain the 
results which are indis- 
pensable to them. Such 
experiments have been 
carried out for many 
years at the Chalais- 
Meudon military estab- 
lishment. These very in- 
teresting results are sum- 
marised in the Table on 
p. 44. The first column 
gives the velocity of the 
wind in metres per second ; 
the second, the corres- 
ponding velocity in kilo- 
metres per hour; the 
third, the possibilities of encountering a wind of the velocity 
denoted in fractions of a thousand. Thus, for instance, if we 
take a wind of 5 metres a second, or 18 kilometres an hour, 
the possibility of having a lighter wind will be 323 thousandths ; 
in other words, there will be 323 chances to 1000 that the 
wind will be blowing at a velocity less than 18 kilometres 
an hour. The fourth column shows the number of days per 
year when, on an average, a wind of less velocity than those 
indicated in the first two columns will be prevailing. The 
final figures are those which will throw most light on the 
present conditions of diri^bility for the aeronaut. 

It must be pointed out that these results apply to the vicinUy 
of Par%8, where the observations on which they are based were 
effected. 

The importance of these results is at once apparent, especially 
if we translate the average chances of the wind into '' numbers 
of days per year," as I have done here. 

Thus, let us take the speed of 10 metres a second, or 36 
kilometres an hour. AccorcGng to the following Table, there are 



Fig. 23. The ainhip's independent 
speed is greater than the wind volo- 
oitj, 80 Uiat it can go anywhere 
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258 days in the year when the speed of the wind in the 
neighbourhood of Paris is, generally speaking, less than 36 
kilometres an hour. Therefore a dirigible balloon haying an 
independent speed of 10 metres per second could drive against 
the wind, on an average, 268 days out of 366 ; if the balloon 
has a minimum independent speed of 12*60 metres per second. 
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parts of a thousand) 

that the wind 
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in the year when 
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that is to say 46 kilometres an hour (whioh is the speed of 
the Bayard'CUment, the BdpMiqus and the VilJU de Pa/ris), we 
see that it would be dirigible, on an average, for 297 days out 
of 366, that is to say, about ten months out of the twelve. Now, 
as I have stated already, this speed is attained by all the latest 
airships. 

As a result we may affirm, figures in hand, that the problem 
of cierial navigation by dirigMe baUoon is solved eompUtdtf. 

Of course there are exceptional cases : thus, the probability 
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of winds trayelling fiEuster than 35 metres a second, that is to 
say hurricanes blowing at a rate of 125 kilometres an hour 
and even more, is nil, or almost so ; in other words, 999 times 
out of a thousand the chances would be in favour of a less 
violent wind. Occasionally such winds do occur but they are 
accidents ; they devastate gardens, and damage buildings, yet 
are exceptional eventualities. 

There is nevertheless, one important point in regard to the 
velocity of the wind — ^the speed of atmospheric currents 
increases very rapidly as we rise into^the air. In Paris, owing to 
the Ei£Eel Tower facilitating the observation of such phenomena, 
it has been ascertained that whereas the wverage velocity of the 
wind in the course of the year is about 2 metres per second 
(7'200 km. per hour), on a level with the housetops, the 
average rises to more than 8 metres per second (about 29 
kilometres an hour) at the top of the tower. Therefore 
aeronauts must take this circumstance very carefully into 
account^ if they wish to form an accurate idea of the power 
of the wind against which thdr balloons will have to struggle 
when a voyage is to take place, not just above the ground, 
but at a certain altitude in the atmosphere. 

We see, too, that if constructors accomplish the short 
stride representing the next advance in aeronautics, and attain 
a speed of 20 metres per second or 72 kilometres an hour as 
the ''independent" speed of airships, such will be able to 
iro travel 9%%- days a year in our latitude; this would be 
absolute solution, for the days when the wii^d velocity is 
higher than 20 metres a second are days of clearly defined 
bad weather, and are not very frequent fortunately. 

Therefore immediate progress will tend towards augmenting 
the power and the output of the motor, together with improve- 
ments in the quality of the envelopes. The latter will have to 
be made capable of reasting the increased pressures of the air 
arising from greater speed in the flight of the future. 



CHAPTER IV 

CONSTRUCTION AND MANAGEMENT 
OF A DIRIGIBLE BALLOON 

Application of the pbeobdinq principlks : How 

TO CONSTRUCT AN AIBSHIP : HoW TO DISPOSE THE 

MOTOR AND PROPELLER : ElEVATOB AND RUDDER : WhAT 

ARE THE TRAVELLING SENSATIONS IN A DIRIGIBLE ? 

THE ENVELOPE AND ITS OUTLINE 

We have shown what are the fundamental principles governing 
aerial navigation by dirigible balloons. We must see now how 
these principles are to be applied in the construction of those 
airships from which practical results may be expected. 

The construction of the envelope is the firat thing to be 
done. We have said that it must be light, strong, and 
impervious to hydrogen. All, or praoticaUy all, modem 
dirigible balloons have envelopes of rubbered material con- 
sisting of two layers of fabric with a layer of rubber between 
them. This material, the use of which occurred first to the 
engineer Farcot, weighs 300 grammes per square metre, and 
will withstand a strain of 1800 grammes per metre. Very 
often, after the envelope is completed, it is coated with a layer 
of ehromate of lead, to absorb those solar rays which, by their 
actinic action, might affect the rubber ; it was the colour of this 
medium which suggested the nickname for M. Lebaudy's balloon. 

The (mtline of the envelope is important, for the exterior 
form of the airship ought to correspond to the minimum of effort 
required for propulsion through the air, while ensuring loAgitu- 
dinal stability. Thus the curved outlines of modem airships 
have been studied with the utmost mathematical precision. 

The modem balloon, according to Benard, should be pisei- 
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ftyrm, with the larger end forward, after the maimer of fishes 
and birds, otherwise there will be a risk of low efficiency 
(examples of which are given in the following chapter). But 
the profile and the elongation still have to be considered. 

I^e envelopes constitute what is known m geometry as 
*" surfaces of revolution/' in the sense that they may be con- 
sidered as evolving by the rotation round their longitudinal 
axes, the curve which defines their profile. The constructor 
commences by fixing the length of the balloon, its maximum 
diameter, and the position of the latter in the length of the 
envelope. After this he calculates the profile, generally 
formed since Benard's time, of two parabolas united; these 
parabolas are either simple or of the superior degree ; but 
these are mathematical details which I need indicate only. 
When the envelope is calculated, it is drawn, and the templates 
necessary for cutting out the pieces of material are made ; the 
latter, sewn together, constitute the body of the balloon. 

We will take the CUmefrU Bayard as our type of dirigible 
balloon. This vessel is familiar to me since I have made 
several ascents and voyages therein, while the perfection of its 
construction and manoeuvring qualities entitle it to be cited 
as a typical example of French aeronautics. 

CONSTRUCTION OF THE ENVELOPE : THE GAS 

The profile of the envelope (Fig. 24) is formed by two 
parabolas of the third degree. The envelope is made of 
panels sewn together; its total volume is 3500 cubic metres. 

Its surface is 2250 square metres. It is 56*25 metres in 
length and the maximum diameter is 10*58 metres. This 
envelope is inflated with pure hydrogen gas ; in spite of the 
high price of this gas, which costs 1 franc and sometimes 
more per cubic metre, it is preferable to coal gas, on account 
of its great lifting power, no matter how cheap the latter may 
be. Moreover^ balloon fubric is now so perfect that it reduces 
the loss of gas by exudation to an insignificant degree. 

In the middle of the envelope is a ripping valve. This 
is an aperture in the upper part of the envelope covered by 
a band of fabric which can be torn off in an instant by the 
pull of a cord, should a rapid descent become necessary. This 
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action is Iffected from the oar. At the stem is the (Hieumatio 
empetmage, consisting of four spherico-conical ballonnets, tan- 
gent to the back part of the envelope^ and communicating 
therewith through holes. The air-ballonnet proper, divided 
into two parts, is 23 metres long, and has a volume of 1100 
cubic metres. 

The balloon is furnished with four automatic valves; two 
for the hydrogen gas, which open automatically as soon as the 
internal pressure equals 40 millimetres of water, and two for 
the air, opening when the pressure equals 30 millimetres. 
These two pressures are indicated by two gauges placed on the 
front of the bridge under the eyes of the pilot. If a valve 
were not working automatically, he would be warned therefore, 
and could work it manually by pulling a cord. The air is 
forced continually into the ballonnet by a fan pumpmg 1800 
litres per minute, and driven through transmission from the 
motor. When this breaks down, the fem can be worked by 
hand. 

The suspensions are thin steel cables of three strands, each 
of three threads. Some of them are 3, others 4 millimetres, 
in diameter, and they can withstand strains of 400 and 600 
kilogrammes respectively. They terminate in '' goose's-feet *' 
of hemp fastened to boxwood stakes, and the latter are encased 
in a '' girth " sewn into the fabric, which forms the envelope of 
the balloon. The net is thus rendered unnecessary, and this 
facilitates the passage of the molecules of air aloi^ the envelope, 
owing to the resistance offered by the obstruction from loops 
and knots being eliminated. 

Beneath the '' suspension girth '' is placed the lifting girth, 
also sewn to the fabric. The '' lifts " are steel ropes, which are 
oblique in relation to the length of the balloon, and secure 
that indispensable triangular suspension that assures the 
solidity of the car and the envelope, both in longitudinal and 
lateral directions. These lifts connect together by four 
''knots," which also constitute the fixed points of the 
suspension. These knots may be seen distinctly in the 
diagram. 
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THE CAR, RUDDER, ELEVATOR, AND MOTOR 

The car is built up of a series of cubes of steel tubes of 30 
and 40 millimetres diameter. The sides of the cubes measure 
1*50 metres, and their contiguity forms the oar. The sides 
of these cubes are made rigid by steel wire diagonals fitted 
with stretchers. The central part of the car has a height of 
2 metres; its total length is 28 metres. 

The steering rudder is carried at the stem ; it is double, 
and its surface is about 15 square metres. It is composed of 
rubber fabric stretched upon a steel tube framework having 
its axis connected to the car by means of a cardan joint. The 
fourth knot of the lifting rope (that of the stem) and two 
stretchers serve to hold it. 

The " stabilisator," or elevator, fitted to the front of the 
car, is in reality a 'Hriplane'' turning about a horizontal 
axis, and able to be inclined from 16 to 17 degrees above or 
below the horizontal. Its efficiency is considerable, inasmuch 
as in accordance with specific calculations, when the machine 
is at full speed, the effect of the stabilisator is more or less 
equivalent to 100 kilogrammes of ballast, according to the 
degree of upward or downward longitudinal inclination. The 
elevator and the rudder are controlled through steel cables and 
chains, by two wheels placed upon the bridge on the right 
and left respectively ; these wheels, like those of motor-cars, 
are " irreversible." 

In the centre of the car is the passengers' accommodation 
as well as the pilot's position. The latter, by raising the floor 
of the car, is elevated about 5 centimetres. The pilot, standing 
on the left, has the steering wheel under his hand ; on his 
right is his assistant holding the wheel of the elevator. 
Forward is the motor room, and the pilot can communicate 
directly with the engineer. A vertical panel on the front of 
the bridge carries the whole of the controlling instruments. 
These are the balloon and air-ballonnet gauges ; the barometer 
to indicate continuously the altitude ; a barograph ; the dynamo- 
meter which permanently records the tractive effort of the 
propeller ; and lastly, the speedometer registering the number 
of revolutions per minute made by the motor. In addition 
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to this is a shelf carrying the chart and a compass, to indicate 
the course to be followed, the latter being well compensated 
owing to the masses of iron and steel in the balloon. Through 
the passengers' space extends a large suspended table carrying 
tJie road maps, indispensable to the voyage and for guidance 
by comparison with the country spread immediately below. 
I^ustly under the car are the " skates " which enable the air- 
ship to alight without the car being injured by contact with 
the ground. 

The engine is an explosion motor, such as are used in 
autcnnobiles. It is multicylindrical, works with a mixture of 
air and petrol gas, and is of 105 horse-power. The special 
materials of which it is constructed ensures, at one and the 
same time, great solidity and a remarkable regularity in 
running, without forfeiting that lightness indispensable to an 
aeronautical motor. It weighs 352 kilogrammes all told. 
The weight of the petrol tanks is 64 kilogrammes, that of the 
oil reservoirs 10 kilogrammes. The motor is water-cooled, 
65 litres of water being carried in a radiator and a circulating 
system which weighs 83 kilogrammes complete. In " working 
carder " the total weight, everything included, represents 5 kilo- 
grammes per horse-power. 

The engine runs at 1050 revolutions per minute, but by 
mesas of a reducing-system of two gear wheels, the propeller 
shaft does not make more than a third of this speed — 350 
revolutions per minute. The fuel consumption is from 38 to 
40 litres per hour ; of oil about 5 litres. The whole of the 
motor is mounted upon a body, fixed to the cbx by springs 
in such a manner that vibration is reduced to the Tninimnnn, 
bring no greater than in a well-built motor-car standing still 
with the motor running. The connection by circular segments 
is fitted with springs which can be easily regulated by means 
of a worm wheel so as to obtain a constant and absolutely 
certain tension. Lastly, we may add that the motor is fitted 
with two ignitions, magneto imd accumulators, and that by 
means of decompression cocks it can be started up with the 
greatest ease. 
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THE SCREW, "SLIP," DIMENSIONS, AND POSITION 

The screw is the propeller exclusively used to-day in aerial 
navigation, hoth upon dirigibles and aeroplanes. As a matter 
of fact, the screw constitutes to the fullest degree the first and 
most important acquisition; simple, and when its design, 
dimensions, and its operation are well thought out, its per- 
formance is excellent. 

It is scarcely necessary to explain a propeller : it is a screw, 
or rather, there are two elements of the threads of this screw 
called the wings or Uades which screw into the air. If the 
screw were to be driven into wood or a metal nut, it would 
advance a certain distance with each revolution. This advance 
would be always the same, and is known as the *' pitch," which 
is simply the distance separating two consecutive threads, this 
distance being computed parallel to the axis. But the propeller 
of an airship screws into the air, and the latter is an unsteady 
nut, so that with each revolution the aerial vessel, instead of 
advancing a distance equal to the " pitch/' only moves forward 
a part thereof. The difference between the "pitch" of the 
screw and the advance of the airship itself for each of these 
revolutions, is defined as the dip of the propellers, that is the 
proportion of this difference and the " pitch " itsel£ Thus a 
screw may have a slip of ^ if, when it makes a revolution, 
the airship which it drives does not move forward more than 
-^ of the pitch of the propeller. 

This knowledge of slip enables us to consider the contro- 
versial question of large screws turning slowly, or of small 
screws revolving very rapidly, and we may understand readily 
that it is necessary, d priori, to reject the screws which are 
too small. Turning very rapidly they would drive away the 
immediately surrounding air without forcing the airship 
forward ; their enormous slip would not enable it to advance. 
It is as Colonel Benard expressed in a picturesque manner by 
s&yuig> '' We cannot propel an Atlantic liner by rowing, even 
very rapidly, with a penholder." Let us therefore take screws 
of large diameter. But then again one is limited in their 
dimensions by considerations of weight. As they turn power- 
fully but slowly, it is necessary to add to their individual 
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weight that of the speed-reducing gear» which transmits the 
always very rapid revolutions of the light motors used in 
aerostation. Consequently there will be an absolute limit to 
bear in mind, because it is necessary to choose between the 
efficiency of the propeller, that is to say the portion of motor 
effort which is transformed into useful tractive effort, and the 
engine-power. By augmenting the weight of the screws the 
efficiency of the propeller may be improved; but then it 
becomes necessary to increase the weight of the motor, and it 
must not be forgotten that in aeronautics the question of 
weight is always vital, and that in an airship only a total 
given weight is available for the whole of its mechanical 
equipment, motor and propeller. 

One other question now remains — ^the position of the propeller. 
Should it be placed at the prow, at the stem, or amidships ? 
We have discussed this question already (p. 32) as well as 
that of determining the level at which it must be driven 
between the axes of the balloon and the car respectively. 

These principles being disposed of we will consider the 
propeller of the CUmerU-Bayard. 

Hitherto the screws of dirigibles have been made of sheets of 
light metal, bent and riveted upon metal frames; sometimes they 
were made of fabric stretched over a clumsy skeleton. The 
terrible disaster to the dirigible BSpiMigue was attributable to 
one blade of the propeller so constructed being wrenched off 
the shaft by the centrifugal force, and, perforating the envelope, 
precipitated the vessel to the ground with its passengers. 
This accident demonstrated the urgent necessity for making 
the propeller absolutely solid. And experience has shown 
that ivoodm propellers, with the blades having the grain of the 
wood longitudinally, are the most satisfactory. Tbe screw of 
the CUment'Bayard is of wood, and is a striking piece of work 
by Chauvi^re the engineer. 

It has only two blades ; as a matter of fEtct if the number of 
the latter were increased too greatly, each would move in air 
abready displaced by its neighbour, and efficiency would be 
decreased. M. Chauvi^re thought it possible, by special 
arrangements, to balance the efforts of propulsion and the 
effects of centrifugal force arising from the rotary movement, 



54 THE CONQUEST OF THE AIR 

efforts and effects which increase in a graeral manner pretty 
well in accordance with the same laws. 

The CUmmt'Bayofrd propell^ is 5 metres in diameter. The 
pitch is variable and increases from the axis to the tips of the 
blades. It is built up of countersunk ribs assembled and 
superposed in the form of a fan, similar to the steps of a 
<< winding staircase.'' Bevolving at 350 revolutions per 
minute, each of the tips of the blades describes, in a oircidar 
path, 100 metres per second. This enormous ''p^pheral 
speed" is the maximum that has been attained so far with 
screws of this design. At this speed it produces stabilisating 
^ects, called gyroscapiey recalling to mind those of the small 
device used as a toy known as the gyroscope, the stability of 
which, occasionally, is disconcerting. It seems to defy the 
laws of balance by maintaining simultaneously its rotating 
speed and the mass disposed around its circumference. In 
the case of the actual propeller its gyrosoopic effects oppose 
strongly the pitching of tlie balloon, and therefore produce 
a stabilisating efiect. This was the reason why the constructor 
did not strive too much after lightness in designing the 
propeller, which weighs 90 kilogrammes. 

At speeds of 350 revolutions per xninute the CUmmt^ 
Bayard propeller sustains with its blades a centrifugal effort 
exceeding 19,000 kilogrammes, and yet so perfect is its 
construction that it is not submitted to more thi^ one- 
twentieth of its breaking strain. 

The independent speed of the balloon, driven by its motor 
and propeller, is 50 kilometres per hour; i.e., 14 metres per 
second. To complete our description let us add that the 
dirigible is always berthed in a shed which enables it to awaits 
sheltered from heavy weather, favourable conditions for pend- 
ing journeys. The first shed was erected at Sartrouville, but 
a new shelter has been built near Meaux. 

HANDLING THE AIRSHIP : STARTINQ OUT : 
£N ROUTE : THE DESCENT 

The handling of a dirigible balloon is not so simple as tihat of 
a spherical balloon owing to the elongated form of the envelope 
oontaining the gas, upon whidi depends the asoensicmal effort. 
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First the dirigible must be brought out of its shed wh^ein 
it is held upon the ground by a considerable, imposed weight, 
comprising bags of ballast. A number of men draw up in 
two lines on either side of the balloon, in which the pilot and his 
assistant take their places. The men detach the ballast-bags 
carefully until the balloon eyinces a very slight tendency to lift 
Hauling with all their might, they bring it out of its dock, 
so holding it that it almost touches the ground. Arriving in 
the open air, it is hauled to as level an area as possible, and 
then again loaded with the bags of ballast, so that it rests 
naturally upon the ground. 

The pilot assures himself that all is in good order ; that the 
valves work, that the cords which control them are to hand, 
are not twisted or swollen; that the recording instruments 
work properly; that the wheels of the steering rudder and 
stabilisator efficiently govern those two mechanisms ; that his 
compass, his charts, his ballast are all to hand, as well as 
the cord which operates the ripping valve. Meantime the 
engineer has passed as minutely over his motor, seeing to the 
lubrication of all parts, the propeller shaft and bearings ; tests 
his indicators and recording instruments, and then when all is 
ready informs the pilot. 

Ilie latter now instructs the men to swing the balloon round 
in such a way that it starts out ** to leeward." The passengers 
embark, and the ballast is discharged little by little, until the 
balloon rises slightly ; this operation is called '' weighing " the 
balloon. The pilot commands the engineer to start up the 
motor, but without coupUng-in the propeller. When the 
engine is under way and all is ready, the navigator throws out 
the last bags of ballast so as to give the balloon the requisite 
lifting effort. ** Hands off,'" he shouts. At this command the 
workmen release the sides of the car to which they have been 
clinging, and the balloon is now held by two ropes only, 
attached to the under side of the car by a "goose-foot" at 
front and rear respectively. These cords are then " paid out " 
equally, in such a manner as to keep the airship horisontal. 
When at last the pilot cries '' Let go," the men drop these 
ropes and the vessel rises. The pilot orders the engineer to 
let in the propeller ; the balloon attains its independent speed, 
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and with a turn to make sure the steering mechanism is 
working properly, the pilot sets the course it is proposed to 
take. 

^ TcyuJte, if the weather is clear, the pilot always keeps his 
eye upon the chart, so as to assure himself that he is following 
the right course by comparison with the actual topography of 
the country imroUed beneath the feet of the travellers. If he 
ventures out at night, or in a fog, he will fix his attention upon 
the compass, while his assistant at the wheel of the stabilisator 
will not let his eye leave the barometer, so as to preserve by 
the manipulation of the elevator, the desired altitude of the 
balloon, without discarding ballast or letting out gas. 

With regard to the sensation of " wind " felt by travellers, 
this is only due to the independent speed of the bidloon, 45 to 
50 kilometres per hour. Whether it be a following, or a head, 
wind it will always be the same, neither more nor less intense, 
because the '' surrounding " wind does nothing but carry the 
whole of the atmosphere, of which the balloon is a part, from 
one point of the earth to another. Travellers in the car are 
under the same conditions as if they^ ran very quickly to 
and fro through the saloon of a large liner. The speed of 
their movement creates an impression of wind which is the 
same, irrespective of the direction and force of the wind, which 
blowing over the surface of the sea transports, in a combined 
movement, both them and the vessel in which they are 
sheltered. 

So far as concerns ascent and descent, this is effected within 
a small limit, about 100 metres, by the aid of the stabilisator. 
It must be pointed out that, unlike the free balloon, the 
ascensional effort of an airship is constantly increasing. 
Unballasting is continuously taking place through the con- 
sumption of the petrol by the motor, and in this manner 
it loses about 40 kilogrammes per hour. This is where the 
charging of the air ballonnet intervenes fortunately to secure 
the constancy of the external shape and consequently also the 
persistence of the air pressure. 

It is scarcely necessary to urge passengers in a dirigible to 
exercise the greatest prudence. Nothing must he thrown over* 
board, be it a bottle, an empty box, or even a chicken bone, 
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without the pilot's permission : the static sensibility of these 
airships is extreme, and it is necessary to avoid any action 
which might vary it accidentally. 

As to the descent of an airship, at least in the majority of 
cases, it must take place only in the vicinity of a shed, descent 




Fio. 25. Constrnotor Snrconf 8 method of mooring a dirigible 

The vend twimgt iUdftiou to ike wind, amd ike laUer heeps the hdOofmei 

ir^fiaUd a^UomaUeaUif 

in open country being always hazardous. This was only too 
well shown in die accidents to the Patrie and the Zeppelin air- 
ships. Tianding is made in a manner just opposite to that of 
ascent. But care must be observed that the men who seize 
the two guide-ropes to bring the balloon gently to earth at 
first grasp the '' windward " rope so as to hold the balloon with 
its nose to the wind. Negligence of this precaution, and the 
balloon, held only by the stem rope, will rear up, owing to 
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the wind driying against the prow, aad thius imperil it. 
Once the balloon has landed the workmen seize it by the 
ear, load it with bags of ballast, and then bear it gently into 
its shed. 

However, the airship might reach, be compelled to descend, 
and to '' moor " by the aid of its anchors in open comitry. In 
such a case there is an arrangement conceived by M. Surcouf 
which appears to offer the greatest security to an airship forced 
to make a ''halt" at a place unprovided with a special 
shelter. 

Beneath the body, and towards the front of the balloon 
leading to the ballonnet,is an automatic valve (Fig. 25) which 
opens like a purse. During the journey a spring keeps it 
closed, and the ballonnet works as usual by means of its 
charging fan. But if the vessel is compelled to stop, it is 
fixed to the ground by anchors, or by stakes and cable, which 
by means of a *' goose-foot " is attached to the prow of the car, 
the balloon thus being held stationary, with its motor stopped, 
swinging in the wind. But under the influence of temperature 
fluctuations the gas will contract or expand, and with the 
motor no longer running, the ballonnet will not be able to 
maintain the invariable form of the envelope. 

Then, under the pulling action of the restraining cords, the 
'^ mooring" valve opens, always to the wind, since it is to the front 
of the balloon, which adapts itself like a weather vane, nose to the 
wind. Under these conditions the air so caught in the pocket 
forces the valve open, and thus keeps the ballonnet inflated to 
assure the permanency of its shape. One can, for greater 
security, attach bags of ballast to the stem rope. If the stem 
of the balloon should descend this ballast would strike the 
ground, and the envelope, released of a considerable weight, 
would rise again before it could come into contact with the 
earth and be damaged thereby. 

VOYAGES OF THE « OLEMENT-BAYARD " 

The dirigible balloon which we have described in de- 
tail has completed more than thirty trips, with imiform 
success. During the Aeronautical Show held at the Grand 
Palais in the month of December 1908, it came and hovered 
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ftbove the Champs-ElyseeB repeatedly. Its evolutioiui OTet 
Paris have rendered it popular, familiarising every one with die 
appearanoe and travel of an airship. It has made numerous 
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Fio. 26. Voyage of the CZdnMia-Bayard (Not. 1908) 
250 UZoDicffief ui a wmfjgUAt cireuU in five hourif vrithout desomt 

cruises around the capital, some very lengthy, but all brilliant, 
first under the direction of M. Kapf6rer, collaborator of M. 
Surcouf; later of M. Capazza, the eminent Corsican aeronaut, 
who so far has been the only man to cross the Mediterranean 
in a balloon. 

The most remarkable of these excursions was that when 
M. C16ment resolved to set out from the airship shed to visit 
his seat at Pierrefcmds (Fig. 26). The vessel left Sartrouville 
on November 1 at 11.1 6 a.m. in an east-south-east wind Uowing 
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at a y^ooity of 20 kilometres per hour. M. Clement, the 
owner of the balloon, was acoompanied by a passenger ; MM. 
Gapazza and Eapf6rer were on the bridge; Sabathier the 
engineer, and a mechanician, were at the motor. The balloon 
passed suocessiyely over Maisons-Lafitte, Pierrelaye, lisle- 
Adam, Beaumont, Creil (at 12.39), Pont Sainte-Maxence, 
Compiigne (at 1.28). It then wore round to the east and 
arrived at Pierrefonds at two o'clock ; thence it resumed its 
journey to Paris, by Bocquemont, Ermenonyille, Chennevidres, 
Bourget (passed at 3.26), Pantin, described a large circular 
sweep over J Paris, and regained Sartrouville at eight minutes 
past four. The total distance was 250 kilometres, and it was 
covered in 4 hours 53 minutes. It was a remarkable record 
for a round trip accomplished by a dirigible without descent 
during its journey, and returning to its starting-point. The 
great journey of the Zeppelin described in the following chapter 
was not completed by return to the point of departure, 
inasmuch as the airship was destroyed unfortunately in the 
course of its homeward journey. 

Finally we may mention that in August 1909 the CUmmt- 
Bayard made a noteworthy journey with a commission of 
Bussian officers aboard. The latter had been sent to France 
to investigate aeronautics for the purpose of facilitating the 
creation of a Bussian aerial fleet. The airship was piloted by 
M. Capazza, who navigated the craft to an altitude of 1660 
metres ! Such a height had never been gained previously by 
any dirigible. 

The official carrying capacity of this airship is as follows : 
6 passengers, 300 litres of fuel, 20 litres of oil, 65 litres of 
water, 260 kilogrammes of ballast (sand in bags), and 59 
kilogrammes ef manoBuvring ropes. 

"AEBIAL YACHTS" 

Such a dirigible as we have described is, in the realm of 
aerial navigation, the equivalent of a warship, or of a large 
mercantile steamship ; it is the ** ocean liner." But its great 
cost (about £12,000), the absolute necessity of maintaining an 
immense and expensive shed, renders it a vessel of pleasure 
impossible to many amateurs for aerial trips. A "little 
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dingible " an " aerial yacht " at a more popular price, and 
more simple to control, was demanded. Such a convenient 
type of small balloon is now avulable, and is known under the 
generic name of the " Zodiac." 

This, to hazard a comparison borrowed £rom automobilism, 
is the " aerial voiturette." It is designed to enable one or two 




BIG. 37. A Uttl* » ZodiM " dirigible 



passengers to make jaunts into the air, and without the 
necesutj of maintuning a sheltering shed. 

For this purpose the gas bag, of 700 cubic metres, is inflated, 
not with pure hydrogen, which is expensive and not always 
obtainable, but with coal gas, which is available at all towns 
axA can be purchased cheaply. Inflated therewith it will lift 
one person, but by combining coal gas with about 100 cubic 
metres of hydrogen, it will lift two people. It is pisoiform 
in shape, with stabilisating planes, and has two rudders. 

The car is detachable into three pieces ; each of the latter 
is formed of wooden trellis, light, flexible, and yet at the same 
time solid, the sections being fitted together by bronze sockets, 
nuts, and bolts. A water-cooled, four-cylinder, 16 horse-power 
motor drives through cardan phftft'^g a stem propeller, which 
runs at about 600 revolutions per minute. The latter is of 
2-30 metres diameter. The motor also actuates a fan whioh, 
through the medium of an air-balhumet, maintains the 
permanent external form of the envelope. 
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The whole ballooii dismantled, motor, oar and envelope, 
packed in canvas cloth, can be transported by horse and cart» 
The ballocm is inflated at the point where the gas is obtain- 
able, and it can be prepared for an ascent in an hour and a 
hall This little airship can travel at a speed ranging from 
25 to 28 kilometres per hour ; can remain aloft for three hours 
with 75 kilogrammes of ballast; and costs, ready for use, 
£1000, Truly therefore it is the aerial " auto/' enabling trips 
to be made into the air without being compelled to return to 
a stationary shed, because the balloon coming to earth at the 
end of its journey can be deflated like a simple ** spherical " 
and be loaded upon a cart for conveyance to the nearest 
railway station. 

This handy type of little dirigible certainly fulfils in every 
respect the ''popular airship." On Easter Sunday, April 
11, 1909, it made a remarkable journey. With MM. Henry 
de la Vaulx and Clerget on board, it manoeuvred above the 
Bois de Boulogne for three hours with the greatest ease, before 
the eyes of crowds of Parisians, which the beautiful weather 
had caused to flock upon their favourite promenade. 

During the summer of 1909 another vessel of this type, 
Zodiac IIL, slightly larger than the above (1400 cubic metres 
capacity), was utilised on a hunting trip by Comte de la Vaulx 
and M. Andr6 Schelcher. Furthermore, it carried out a 
number of remarkable ascents at Brescia and in Belgium, 
demonstrating its handiness, convenience, possibilities, and 
facilities, in regard to inflation and deflation. 

An airship of this type, but of 2000 cubic metres capacity, 
was presented to the French Government l^ the subscribers 
to Le Tmnfps fimd, after the disaster to the BdpMiqm. This 
eraft is now employed for the training of aerial pilots at the 
French Military Training CioUege. 

IMPRESSIONS IN A DIRIGIBLE : DIZZINESS : SAFETY 

Now, questions which arise naturally in the mind of the 
reader, and asked of all who have traveled in a dirigible, 
are, What are the sensations f Does onesnffer from giddiness ? 
Has one seindckness ? Has one fear f 

I will endeavour to reply to these intarrogatioos. 
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* 

Oa board an airship one has a feeling of oomplete security. 
Before entering the oar there is time to take a walk round 
the balloon, for it is still berthed in its shed ; to examine with 
eare every part ; to feel the lifting and suspension system. The 
whole is so solid ; is made of material of such perfect quality ; 
the total resistance is so well calculated and tested to twenty 
times what the whole will hare to withstand, that in an 
instant every qualm of disquietude slips firom the mind. 
The only hesitation one has is that of actually embarking. 
But the disasters to the Pax Mid the Bradsky balloons have 
been instructive. 3fe-day the general utilisation of the air 
ballonnet secures stability; the motor is placed well away 
from the balloon ; the suspension system is indeformable and 
distributes the weight equally over the envelope ; all parts of 
the motor capable of giving off either sparks or leakages of 
gas are boxed in or covered with metallic sheathing. Lastly, 
trained and experienced aeronauts always conduct the ascents, 
for no owner of an airship would be mad enough to attempt 
a trip without the indispensable assistance of one of those 
" captains of the air," such as the Comte de la Yaulx, Capazza, 
or Eapf^rer, for example. 

Mtd-^de-mer is unknown aboard these airships, for the simple 
reason that the longitudinal stal»lity being so very great 
there is neither pitching nor rolling. Many ladies have 
received the baptism of the air ; and not one has suffered 
from this terrible malady of which ocean vessels preserve, 
alas ! the unenviable monopoly. 

With regard to dizziness, this is unknown in a balloon 
when the latter is not held to the earth by a rope. Giddiness 
is produced when looking from the top of a tower, or the edge 
of a precipice, by the view of the vertical wall, which drops 
below one's self, and which '' conducting the eye ** right down 
to the bottom, enables one to calculate the depth of the 
chasm. In the captive balloon the sight of the cable may 
sometimes produce the same effect ; but in a dirigible, there 
being no material connection, one cannot estimate one's 
altitude. One believes, and one actually is, above a 
magnificent plan in relief; with a feeling of beatitude which 
is grand ; with the impression indeed of being independent 
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of all ; to have broken away from one's bonds and to be the 
master of space. 

Consequently it is now possible to accomplish voyages 
by dirigible in the strictest sense of the word, and in 
absolute safety. I have made many myself, which I shall 
never forget, on board the CUmmt-Baywrd* The time is not 
far distant when airships, in addition to their military 
utilisation, of which we will speak after we have described 
aviation apparatuses, will have applications to everyday life, 
without speaking of their employment in those geographical 
explorations which yet remain to be made. 



€HAPTER V 

HISTORY AND DESCRIPTION OF THE 
PRINCIPAL DIRIGIBLES 

Early days of aebonautios : Fbom General 
Mbdsnier to Colonel Renard, Gipfard, Dupuy 
DE LdME, TissANDiER : M. Henry Dbutsch, Count 
Zeppelin, M. Santos-Dumont and M. Lebaudy 

THE PIONEER : GENERAL MEUSNIER, INVENTOR 

OF THE AERIAL PROPELLER 

The history of dirigible balloons, up to recent times, has been 
somewhat devoid of results. If the importance of what has 
been done is unquestionable, it can be asserted at least that 
the quality in this case substitutes quantity, since it was no 
£Eurther back than 1852 that the first serious attempt in this 
direction was made by Henry Giffard. Before him there may 
have been some ideas more or less vague, but nothing tangible. 

However, it is one of these projects which it is necessary to 
describe, and that with some detail, because of its importance, 
its far-reaching value, and the date of its conception. It is 
that made in 1784, scarcely one year after the discovery by 
the brothers Montgolfier, by an engineering officer — Lieutenant, 
subsequently. General Meusnier. 

Meusnier was a prodigy. He astonished his masters by 
his precocity, by the confidence of his reasoning, and by the 
perspicacity of his views. He was made a member of the 
Acad6mie des Sciences at twenty-nine, on account of his work 
in aerostation, which however was only one of his accomplish- 
ments, for he- was the collaborator of Lavoisier in several 
experiments. He was killed at the siege of MayencQ in 1793 ; 
be was then GenertJ, 

65 ■ 
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Meusnier was the true inyentor of aerial navigatioD, and 
was a " scientific " initiator. Through not following the lines 
which he laid down, aerial navigation lost a century « 
groping about fiatuously; in conducting experiments abso- 
lutely without method. In (act, at a time when relatiyely 
nothing was known concerning the science of the atmosphere, 
Meusnier had the distinction of elaborating all the laws 
goTeming the stability of an airship, and calculating the 
conditions of equilibrium for an elongated balloon, after 
having demonstrated strikingly the necessity of such elonga- 
tion. Heusnier's designs and calculations are preserved in 
the technical engineering section at the French War Office in 
the form of drawings and mathematical formuke. 

His airship designs relate to two balloons, one very large, 
the other much smaller, and it is in these projects that one^ 
finds described distinctly two absolutely new arrangements 
which are in universal use to-day : the mr-ballonnet to secure 
stability and the screw for aerial propulsion. With regard to 
the motive power, owing to the a})sence of suitable motors in 
his day, he contented himself with the use of the muscular 
power of the men carried on board. 

The dimensions of his largest balloon (which, however, was 
never constructed) were 260 feet in length, and 130 feet in 
diameter; that is to say 85 and 42*50 metres respectively. 
The shape was that of an ellipse, and as one may see, the 
elongation was equal to twice the diameter. The cubical 
contents were to be 60,000 cubic metres. 

Thus the balloon (Fig. 28) would have followed the form 
of a perfect ellipsoid, which was the paramount development 
to be realised as compared with the spherical form. It was 
to be a double envelope, comprising two skins, each of which 
was to fulfil a distinct purpose. The first, the '' envelope of 
strength," very resistant, was consolidated by bands. The 
second, placed within the former, was to be impermeable to 
the light gas which was to sustain it. This inner balloon was 
never to be inflated fully, and the space between the two 
envelopes was to receive, in varying quantities, the 'air to be 
forced thereinto through pipes by two pumps carried in the 
ear, This was in yeiy tru^h tho mr^baUcwiMt^ aud its use 
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without doubt was to maintain invariability of the external 
8bap& 

The car was to be attached to the envelopes by a triangular 
suBpenBi(Hi system. This traa the " indeformable suspension " 
which to-day is considered imperative, and which is adopted 
universally. The lifting system was to be attached not to a 



Fig. 38. The flrat dirigible, designed by Oeoeial Measnier (1784) 
net, but to a girth sewn to the fabric. Moreover, at three 
points where the lifting rope members met, forming " suspen- 
sion knots," the axes of the three propellers were fitted, which 
Meuanier described as " revolving oars " {rames toumantes) and 
which were no other than screw propellers. Consequently 
this remarkable system, which is now used for driving steam- 
ships, was invented in 1784 for aerial navigatioo and by a 
Frenchman at that. But that was not all. Meusnier not 
only recommended the eloogated form ; not only conceived 
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the girth fastening ; the triangular suspension ; the air 
ballonnet; and screw propeller; but moreoyer indicated the 
point at which the last-named should be installed. It may 
be observed in the diagram that the motor shaft is not 
connected to the car, but is placed between the latter and the 
balloon. In this way the illustrious and accomplished officer 
laid down eTer3rthing requisite for aerial navigation. For this 
reason he deserves justly the distinction of being the fore- 
runner, the initiator, of aeronautics. 

We are indebted for this information to a remarkable 
memoir of the engineering lieutenant L6toum6, which was 
presented to the Academic des Sciences by General Perrier 
in 1886, wherein these details are set forth in a very scientific 
manner. 

THE FIRST MOTOR BALLOON : GIFFARD'S 

AIRSfflP (1852) 

It was some sixty years later that the problem was first 
resolved practically, by an eminent engineer whose name is 
justly celebrated — ^Henry Gi&rd, the inventor of the '' Giffard 
injector," used throughout the world in connection with the 
boilers of locomotives. Giffard was convinced of the im- 
potency of the '' human motor," and its excessive weight, and 
he conceived the bold idea of carrying a steam-engine 
complete with boiler and propeller under an elongated balloon^ 
One shudders in thinking of the courage of this man who 
ventured to carry an incandescent fi^ immediately beneath 
his balloon infiated with hydrogen. But the many precautions 
which he adopted ensured him of safety. 

The shape of his balloon was of a symmetrical cigar, 
pointed at both ends (Fig. 29). Its length was 44 metres, 
diameter 12 metrto, the elongation thus being in the propor- 
tion of 3*5 to 1. Its volume was 2500 cubic metres, and it 
was infiated with coal-gas which gave him a lifting power of 
1200 kilogrammes. The steam-engine, including boiler, 
weighed 159 kilogrammes, and developed 3 horse-power, giving 
a weight of 53 kilogrammes per horse-power. It was at that 
time a noteworthy achievement. The engine was inverted, to 
reduce the risks from Sro^ (w4 ¥M mounted on a platform 
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attached by six ropes to a '' strengthened beam " supported by 
slings connected to a net which covered the whole of the 
balloon except on its under side. This suspension, one can 
see, had the drawback of being possible of displacement. 
Moreover, the absence of the ballonnet did not secure 
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Fig. 29. Henry Giflwd's iteam-driTen balloon (1852) 

Though tkU ireud necvr aecompUthed a oomfUte cifwtU, yet ii foa$ ahU to 
deviate from the dfkeetion of the wind, and demonetrated the **poiiibUity " of 
iteering haUoom 

permanence of the envelope's exterior form. On the other 
hand, the use of the long pole had the advantage of dis- 
tributing the strain upon the whole of the aerostatic envelope 
in a pretty uniform manner. At the stem a triangular s^, 
mancBUvred from the car, formed the rudder. 

With this balloon Giffard carried out some experiments ot 
the greatest value. True, the low independent speed (3 metres 
per second) which he obtained, in conformity with his calcula-* 
tions, did not permit him to describe a circle in the air : but he 
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was able to make some very neat eyolutions, deviating at his 
desire from the direction of the wind, thereby testifying to the 
efficiency of his rudder. In a word, he succeeded in demon- 
strating, in an experimental and unquestionable manner, the 
possibility of aerial navigation by the aid of an airship furnished 
with a motor and a screw. Consequently, his efforts belong 
rightly to the history of aeronautics. 

DUPUY DE l6mE'S DIRIGIBLE (1872) 

It is necessary to wait another twenty years to see a second 
rational effort in aerial navigation. This was made by the 
illustrious marine engineer, Dupuy de Ldme, the inventor of 
the ironclad. Struck with the vsdue of balloons during the 
siege of Paris, Dupuy de Ldme thought that this utility could 
be doubled if one were able, not only to leave the besieged 
capital as did the free balloons, but to return again at will I 
So he set to work to perfect a dirigible free from the disadvan- 
tages of Giffard's. 

Notwithstanding the excessive weight of the human motor, 
he decided to rely upon the muscular energy of the passengers 
to move his screw, so as to avoid the dangers of the steam- 
engine. The balloon was fusiform, symmetrical, and pointed 
at both ends. Its length was 36*50 metres, diameter 14*84 
metres, giving an elongation equivalent to 2*5. The volume 
of the envelope was 3450 cubic metres. 

In the interior of the latter was placed an avr-haUarmd ; this, 
in short, was the first time that Meusnier's conception was acted 
upon. The volume of this ballonnet was a tenth of that of 
the balloon. But Dupuy de Ldme did not pin his faith, in the 
use of the ballonnet, to the lines set forth by Gton^al Meusnier. 
fie adopted the indeformable triangular network suspension. 
The screw weighed 75 kilogrammes, was 9 metres in diameter, 
and was driven by eight men. Under these conditions the 
stability was perfect, and in still air the balloon was able to 
travel at a speed of 2-25 metres per second — ^very nearly 
8 kilometres per hour. 

Conceived and designed during the siege of Paris, the balloon 
was not built imtil 1872. It did no more than start at 
Vincennes, on February 2, 1872. Notwithstanding a violent 
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wind, the stability was perfect, owing to the triangular suspen- 
sion, and the airship was able to deviate 12 degrees from the 
wind's direction. This test had the merit of defining the 
essential points for the construction of dirigibles, and to show 
the possibility of obtaining, while travelling, an absolutely perfect 
stability. 

DIRIGIBLE BALLOON OP THE BROTHERS 

TISSANDIER (1883) 

Impressed by the qualities said regular working of the electric 
motor, and the absence of danger which attended its use, 
MM. Albert and Gaston Tissandier in 1883 built a dirigible 
airship driven by an electric motor, for which the energy was 
supplied from a bichromate of potash pile battery. 

The balloon was fusiform, symmetrical, with the two ^ids 
pointed, and having an elongation equal to 3 ; its length was 
28 metres, greatest diameter 9*2 metres, and its volume 1060 
cubic metres. The netting, the cords and the knots of which, 
by their projection, offered such resistance to movement, were 
replaced by a suspension "cover." The very light screw 
weighed no more than 7 kilogrammes, and was set 10 metres 
from the balloon. 

The motor (a Siemens dynamo) weighed 55 kilogrammes 
for a motive effort of 1^ horse-power ; electricity was furnished 
by four batteries, of which each comprised six compartments, 
each forming a pile element. The reservoirs, raised or lowered 
at will by a system of pulleys, connected or disconnected the 
Uquid exciter, which was an acid solution of bichromate of 
potash. 

After a preliminary trip in October 1883, the balloon sailed 
for so long as two hours at an independent speed of 4 metres 
per second, in September 1884: it was not able to go against 
the wind, but was able to complete numerous evolutions to the 
right or left of the direction of the latter. Stability was 
defective, owing to the absence of the ballonnet. 

Be that as it may, the Tissandier balloon was the first 
dirigible driven by electricity ; it opened a way which could be 
.followed, and which might lead towards the definite solution of 
the problem of aerial navigation. 
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CAPTAINS RENARD AND KREBS' BALLOON '*LA 

FRANCE" (1884 AND 1885) 

It was about this time that Captain Renard, director of the 
military aeronautical establishment at Ghalais-Heudon, in colla- 
boration with his brother, Captain Paul Renard, and Captain 
Erebs, built a yessel which combined in its new lines all indis- 
pensable features, and which realised all necessary requirements 
as much in the aerostatical as in the mechanical parts. This 
balloon is indisputably the starting-point of practical aerial 
navigation, and it has served as a model to all who have 
followed. Moreover, those who have digressed from the lessons 
furnished thereby have counted nothing else but failure. 

This pisciform balloon (Fig. 30), with its larger end in front, 
was 51 metres long and 8*40 metres in maximum diameter, 
which represents an elongation equal to 6. Its volume was 
1864 cubic metres. The envelope, of varnished Chinese silk, 
was built up of longitudinal gores converging towards the two 
points. The network was replaced by a '^ cover " formed of 
bands of transversal widths of silk sewn together at their 
edges, and so cut out as to follow the " geodesical lines " of 
the surface. The triangular suspension advocated by Dupuy 
de L6me was discarded in favour of two oblique '' cross-pieces " 
connecting with the front and rear of the car, and with the 
balloon cover suspension; those in the centre were parallel 
with them, and directly carried the car. 

The vertical steering rudder was placed at the stem. It 
was a lath framework strengthened by two diagonals, and 
covered with a double sheathing of silk stretched to form its 
surface. At the rear of the car, moving about a horizontal 
axis, was an '^ elevating rudder " which inclined to the front 
or to the rear, enabling the balloon to be given an ascending or 
descending movement. 

The design of the car was new entirely ; its great length 
recalled the oar-propelled yawls used in regattas. It was 
built up of bamboo trellis, had a length of 32 metres by 
1'30 metres broad, and a maximum depth of 1*80 metres. 
Its great length is copied to-day in the most successful diri- 
gibles, such as the VUle de Paris and the CUment' Bayard. A 
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" cabin," oontuning the motor and all neoesaary oontrol, was 
plaoed forward. 

The motor, built by H. Qramnie, weighed 96 kilogrammes, 
and developed 9 horae-power. The energy was transmitted 
through a hollow shaft, the bearings of which were fixed to 
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two flexible suspennons, to a screw placed at the prow of the 
vesaeL This artangement is likewise reproduced to-day in 
our most modem diri^bles. The screw was 7 metres in dia- 
meter, with a pitch of 8*60 metres, and weighed 40 kilc^ammes: 
it made SO rerolutiong per minute. 

The electrioal generator comprised a " chromium chloride " 
battery invented by Colonel Renard and was of extreme light- 
ness. Each element was formed of a glass tube in which was 
a very thin platinnm-ailver electrode, in the centre of which 
was a Kinc rod. The total weight of this accumulator was 
400 kilogrammes, which represented 44 kilogrammes per 
horse-power. 

The independent speed of the airship with this power 
system was 6'50 metres per second. 

The first ascent took place at Cbalais on September 12, 
1884. The balloon mantsuvred with the greatest ease and 
retomed under its own power to the starting-point. This 
was a decided triumph, echoed throughout the world. Three 
fiirther ascents were made in the same year to tune up the 
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apparatus. Then in September 1885 two historical ascents 
were held in the presence of General Campenon, Minister of 
War. LcL Frarice left Chalais, described several evolutions over 
Paris, and returned to its shed under its own power : the fi/rst 
Townd '* aerial voyage'* there and hack was completed (Fig. 3X): 
aerial navigation became an accomplished fact, the '' highway 
of the air " was opened and aeronauts only had to fly. 

THE ERA OF THE " EXPLOSION " MOTOR : M. HENRY 
DEUTSCH : M. SANTOS-DUMONT'S EXPERIMENTS 

The Ohalais-Meudon balloon was consequently the marvel 
of its day, and undoubtedly with electric motors it was difficult 
to advance farther in this direction ; but a new mechanical 
engine had appeared creating a new industry and revolu- 
tionismg the art of transportation. This was the ''petrol 
motor." One man contributed as much by his efforts and his 
personal action as by his generous encouragements to popu- 
larising its exclusive use for aerial navigation. This was 
M. Hexxry Deutsch de la Meurthe. 

So soon as it was perfected he undertook the important task 
of showing the part the explosion motor was destined to fulfil. 
It was driven by that marvellous accumulator of energy — 
petroleum spirit. From his youth he had been consumed by 
one obsession — ^the solution of aerial navigation. When he 
saw what Colonel Renard had done by the use of the electrical 
motor, he conceived the idea of pressing the petrol engine into 
aeronautical service, and as far back as 1887 demonstrated to 
the officers of Meudon the possibilities there were in extending 
their efforts towards this end. At the same time he ordered 
the constructors Mignon and Rouart to build an explosion 
motor upon the new lines, and in 1889 showed President 
Carnot the first petrol motor-driven carriage. Always reverting 
to his idea of steering balloons, he accordingly imdertook to 
furnish the financial and material means to demonstrate the 
possibilities of the petrol motor in connection with aerial 
navigation. After expending considerable sums in actual 
research, he unhesitatingly offered numerous prizes to encourage 
the efforts of aeronauts and aviators. The '' Deutsch prize " 
of £4000 certainly contributed much to stimulate their 
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entliiuiuiii, and it is only an »ct of justice and acknovledg- 
ment to place the name of M. Henry Deutsch at the forefront 
of contemporary aeronautical history, the many conquests in 
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which are undoubtedly due to the exclusive use of explosion 
motors. 

Itvas H. Santofl<Dumont vho, on October 19, 1901, von the 
Dentsob prize, the conditions of vhioh conidsted in settii^ out 
from St. Oloud, doubling the Eiffel Tower, and returning to the 
starting-point within half-an-houi (Fig. 3 2). With an indomit- 
able perseverance, an unheard-of audacity carried to intrepidity, 
the young Brazilian aeronaut built dirigible after dirigible, 
some large, some small, some medium, and at last, after ten 
times escaping death narrowly, he succeeded in carrying ofif the 
much -coveted prize. His name became deservedly well known, 
more especially as a little later he lifted the first " Deutsch 



76 THE CONQUEST OF THE AIR 

prize " for aviation. The airship vith vMch he carried off the 
former trophy, the Sanios-Jkimont No. 6, had an elliptical 
envelope of 33 metres length by 6 metres diameter, and a 
volume of 622 cubio metres ; there was an air-ballonnet of 
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60 cubic metres capacity, and his motor developed 16 horse- 
power. 

Onoe the movement in favour of aerial navigation was 
started, it extended fapidly ; on all sides surged inventors, not 
always alas I sufficiently proficient in theory or practice ; not 
always prudent; not always profiting by the lessons given 
by their illustrious predecessors. The Brazilian Severo 
d'AIbuquerque met bis deabh in 1902 through his balloon 
exploding owing to the lack of foras^ht in the installation of 
the motor; in die course of the same year, 1902, the en^eer 
Bradsky was killed, together with his companion Paul Morin, 
throi^h the defective charaoter of the suspension of the 
dirigible, which, notwithstanding Colonel Renard's recommenda- 
tions, did not include the balloimet. 

THE "LEBAUDY" BALLOON. "LA PATRIE" 

These catastrophes did not damp Uie ardour of aeronauts. 

But they made them more careful, and led them to realise the 

necessity there was for them to be grounded thoroughly in all 
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questions touohing aeronautios, if they desired to venture to 
build and test a dirigible* So in 1902, when HM. Lebaudy 
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Fig. 83. The dirigible balloon LebomAg (side elevation) 

decided upon the construction of a huge airship, they secured 
the collaboration of a distinguished engineer, M. Juillot, and 
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Fick 84. The dirigible balloon Ldwudy (ondertide plan) 

entrusted its erection to one of the most skilful '' builders/' 
H. Surcout 

The Lebavdy balloon (Figs. 33 and 34), which the Parisians 
promptly christened the '' Jaune " (yellow) owing to the colour 
produced by the coating upon the external surface of its 
envelope, measures 58 metres long by 9*80 metres master 
diameter : its elongation is consequently 6*6, while its total 
volume is 2300 oubio metres. It i« dlasymmetrical, the 
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greatest diameter being forwards, and it is pointed at both ends. 
The body of the balloon is not completely " round/' the lower 
part being truncated to form a flat plane surface resting upon 
a frame serving as the suspension medium for the enyelope 
and the car. At the same time, the flat form of this framing 
acts as a '' stabilisating plane/' which is efficient in use. Under 
this frame is a " strengthened girder/' which, coyered with 
fabric, forms a vertical stabilisating plane extended into a 
veritable bird's tail, a stabilisator in itself and which terminates 
in the rudder. 

The car is short, and the motor which is carried therein 
transmits its power to two screws of 2*44 metres diameter, one 
being three, the other two, bladed. The propelling effort is 
exerted therefore not at the extreme front, as in Za France, 
or at the rear as in the Santos-Dwmont , but about amidships. 
The short length of this car renders difficult the uniform 
distribution of its weight upon the envelope : also the latter has 
a peculiar ''saddle form;" it is hollowed towards its centre 
in the manner of a saddle, due to the weight of the car imposed 
upon the central part of the envelope. This arrangement has 
its disadvantage in this sense, that the general form of the 
balloon is altered, and in practice does not conform to the 
principles which have served in determining the theoretical 
conditions of equilibrium and of propulsion. It is just to add 
that the efficiency of this balloon is remarkable. The air- 
ballonnet is divided into thr^ compartments, to prevent the 
heavier air surging towards the base in case the airship becomes 
tilted, and has a capacity of 500 cubic metres. The motor is 
of the Mercedes type, and develops 40 horse-power when 
running at 1200 revolutions per minute. An acetylene search- 
light of 100,000 candle-power, mounted with a projector, 
facilitates landing at night. 

After a magidficent series of triumphant flights made in 
1904, in the following year MM. Lebaudy offered this magnifi- 
cent dirigible to the French Minister of War, who sent it to 
Toul. The State then decided to order a dirigible of the same 
'* semi-rigid " type ; this was Za Patrie. 

Save in some details, Za Patrie was identical with the 
Lebaudy. Its volume was iucreased some 200 cubic metres 
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by extending the length by 2 metres; the ballonnet was 650 
cubic metres instead of 500, and the motor built by Panhard 
and Levassor developed 70 as against 40 horse-power. Lastly, 
instead of ending in a point the stem was rounded and fitted 
with a cruciform empennage for the purpose of securing still 
greater stability. An, elevator of two projecting planes was 
fixed to the front of the horizontal stabiUsating framework. 
Otherwise it was a sister airship to the Leba/udy. 

The life of the PaMe was brilliant but short. After it had 
demonstrated its exceptional features such as no other airship 
had shown up to that time, after it had travelled under its own 
power from Paris to Verdun in seven hours without any inci- 
dent on November 23, 1907, this magnificent dirigible some 
days later was caught in a gale which forced a descent. 
Despite tihe efforts of 200 soldiers the wind catching its 
enormous broadside surface tore the balloon from their hands, 
and bore it away in the storm. It passed over France and 
England, dropping pieces of its motor at different points on 
English territory, and disappeared into the North Sea, where it 
was perc^ved, still inflated, some days after the accident. 

A new balloon of the same type, the lUpvhlique, was ordered 
by the French (Government from MM. Lebaudy for national 
defence. The B^publigue presented some striking features : the 
impermeability of its envelope permitted it to remain inflated 
110 days with one charge of gas. Its first flight, made in 
September 1908, lasted six and a half hours, and it covered 
over 200 kilometres in a closed circle. After the CUmeni- 
Baywrd this was the most striking record of a complete trip 
without descent, and with return to the starting-point. The 
characteristics of the BipvMique were the same as those of La 
Pakie as well as the arrangement of the motor and empennage. 
The Bipvhligue had been '' militarised," and had been commis- 
sioned for the defence of the eastern frontier of France, when 
an accident supervened, to which we refer in another chapter, 
cutting short the career of this magnificent airship. Owing to 
the sudden breakage of one of the propeller blades, the latter, 
impelled by the centrifugal force, crashed into the envelope, 
piercing it through and through, and precipitating the airsUp 
1^ the ground with its four ofilcers, Captain Marchal, Lieutenapt 
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Challr4^ and Adjutants B^u and Vinoenot who were killed by 
the awful fall. 

Several new military balloons^ on similar lines to the 
B^^publique, or the Bayard-CflSmefU, are mider construction — ^the 
LiberU, Capiiaine - Mdrchal, LientenarU - Chaturi, and Oetteral 
Meumier, among others, while large '' aerial cruisers " of 6000 
cubic metres capacity will be put into commission shortly. 

BALLOONS WITH HOLLOW STABILISATORS : 

M. DEUTSCH'S " VILLE DE PARIS " : M. CLEMENT'S 

"BAYARD" 

M. H. Deutsoh de la Meurthe had not remained idle all this 
time. Not content with merely having encouraged aercmautics, 
he wished to become a militant himself: he t^^refore had an 
airship constructed after the designs of M. Tatin. This vessel, 
not ^ving the expected results, he ordered a second in 1906, 
and for this secured M. Suroou^ who had become instilled with 
the ideas of Colonel Renard. For the first time an empennage 
of inflated ballonnets, which we have already described in dis- 
cussing longitudinal stability, was used. The body of the 
balloon (Eig. 35) is pisciform, with the master-diameter towards 
the front. The stem is connected to a cylinder carrying the 
stabilisating ballonnets. Its length is 60*60 metres ; maximum 
diameter, 10*50 metres; volume, 3200 cubic metre& The 
car, lattice-work^of metal tubing, is 30 metres long, and of the 
''trussed girder" form. The ballonnet, divided into three 
compartments, has a volume of 500 cubic metres, and two 
rudders are attached to the car, one for steering laterally, and 
the other for ascent and descent. The 70 horse-power motor 
drives a two-bladed propeller 6 metres in diameter, running 
at 900 revolutions. The screw, placed at the prow in conformity 
with the ideas of Colonel Renard, makes, through a reducing 
gear, 180 revolutions per minute. This huge airship has 
accomplished several successful flights, and it was on board 
this vessel that the Prince of Monaco, the eminent and scientific 
navigator, who has surveyed and sounded the ocean, received 
the ''baptism of the air," the highest altitudes of which 
previously he had explored scientifically in ix|ii4-4^4^^Q ^J 
means of " sounding balloons/' 
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After the oataetropfae which destroyed the Patrie, IS. Henry 
Deutsch made a patriotic, generous offer; hia balloon was 
ready ; he submitted it to the French Minister of War to take 
the place of the lost airship, and the VUU-de-Pa/ris set out 
from Paris to Terdun, under its own power, to replace the 



wrecked dirigible. This Toyage was made on January 15, 
1908 (Fig. 36). 

During the exploits of M. Deutsch's balloon, M. Clement, 
one of the best-known automobile builders, ordered from M. 
Surcouf a diri^ble of the same type, but a little larger — the 
ClSmeiU-Sayard. We have described it in detail already. A 
new airship, the Ville-de'Sordeayx, has recently issued from the 
Snrcouf works, and its features appear to be in no way inferior 
to those of its contemporaries. 

Anally most be mentioned the dirigibles of the Zodiac type, 
which have given such good results. To-day the Zodiac is made 
in three models — of 1200, 1400, and 2000 cuUo metres 
capacity respectively. 

FOREIGN DIRIGIBLES : COUNT ZEPPELIN'S 
AIRSHIPS 

The attention of t^e Gtermans was drawn quickly to the 
j^gantie progress in aeronautical travel effected in France. 
tThey at once foresaw its military applications, and anxious not 
to be left behind, resolved to excel the French construotora 
in the building of a gigantic airship — " colossal " as it is collo- 
quially called in Germany. It was Count Zeppelin who, with 
a dogged perseverance, aa ardent patriotism, which one cannot 
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but admire, concentrated his knowledge, his life, and his fortune, 
to the fulfilment of this idea. Moreover, his enterprise was 
sustained not only by H.I.M. Emperor William II. and by 
H J.M. the King of WUrtemberg, but also by national enthu- 
siasm: he was advised by those admirable meteorological 
aeronauts who grace German science, and among whom figure 
Hergesell, Assmann, Berson, &c. 

Conceiving an immense dirigible, Zeppelin sought to secui^ 
indeformability or rigidity by eonstmiction. He designed a 
gigantic airship 136 metres in length by 11*70 metres in 
diameter, and with a capacity of about 12^000 cubic metres. 
Its form was of a cylinder with pointed ends, the elongation 
being equal to 11 (Fig. 37). 

Rigidity was secured by means of a metallic firamework, in 
aluminium, which not only gave to the system the rigidity much 
sought after by its inventor, but enabled him to divide the 
huge cigar into numerous compartments : 17 in alL Each of 
these was 8 metres long, except those 5 and 13, which corre- 
sponded to the two cars, and which were not more than 4 metres 
in length. The rigidity of the skeleton was secured by trans- 
verse partitions formed of cross-bracing covered with fabria It 
will be seen that this balloon was not provided with a ballonnet. 

Each compartment contained a balloon of india-rubber feibrio 
partially inflated (nine-t^iths only); the inflation of these 17 
balloons was a lengthy and difficult operation. 

The whole of the skeleton was covered with stretched fftbrio. 
The two cars were attached to the balloon in a rigid manner, 
and connected by a bridge, along which a counterweight 
travelled. The two motors were of 170 horse-power, and 
drove four propellers of 1*30 metres diameter, running at 800 
revolutions per minute. 

Such a mass is difficult, if not impossible, to handle upon 
the ground ; so its home was a floating shed, anchored upon 
Lake Constance. This *' dock,'' held only at one end by a 
powerful hawser, swings itself round under the action of the 
wind, so that the entrance is always to ** leeward " for the 
emergence of the balloon. 

Such is— or rather such ic«9— the first aeronautical monster. 
The German military authoritieB, as a condition of its definite 
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aooeptanoe, demanded the accomplishment of a trial trip of 
twenty-four hours *' without descent or replenishment of fuel 
tanks, &o" It was during the summer of 1908 that this 
baUoon, the fourth built by its learned author, attempted this 
official journey. After several short flights, carrying suc- 
cessively the King of Wiirtemberg, the Queen, and some royal 
princes, the Zeppdin set out on August 4, 1908, from its shed 
at Friederichshafw. There were twelve passengers on board. 
At 6.45 in the morning it rose above the lake and set a course 
to the west ; it passed over Basle, where it veered round to the 
north ; over Mulhouse and Strasburg, where the clanging of 
church bells and the salvoes of artillery greeted its passage ; 
at 2.45 P.M. it was over Mannheim, when, before reaching 
Mayence, there was a slight ** mishap." The fault repaired, the 
balloon resumed its journey, passing over Mayence during the 
night, and the return journey was commenced. At 6.30 a.m. 
it was approaching Stuttgart, but when some miles south of 
this town another mishap necessitated descent. Here a squall 
struck the balloon, and from a cause still but little explained 
the immense airship was completely destroyed by fire in a few 
moments I This was a national loss to Germany, and in a 
magnificent outbreak of patriotism a public subscription raised 
in a few days the millions of marks necessary to replace the 
aerial vessel Such is an example to be followed. During the 
erection of a new airship Count Zeppelin re-commissioned 
Zeppdin No. IIL 

Yet Ztppdin No. IV, accomplished a magnificent perform- 
ance : its voyage of August 4 and 5, 1908, covered, as a matter 
of fact, 606 kilometres, with two descents, and represented an 
actually travelling sojourn in the air of twenty hours forty-five 
minutes. With the new Zeppelin the record for duration and 
distance was excelled on May 31, 1909 — 1100 kilometres in 
thirty'^ht howra I Unfortunately the difficulty of handling 
such a mass as this again proved disastrous, for the airship 
came to grief agcdnst a tree. Despite its ii^ury it was able to 
return to its shed after completing this noteworthy journey. 

This second accident was followed by the destruction of a 
third Zeppdiffi. On June 29, 1910, the monster of this series 
of rigid balloons, the DeutscKUmd, of 19,000 cubic metresy 
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148 metres long, and driven by three motors developing in the 
aggregate 330 horse-power, giving a speed of 55 kilometres 
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per hour, was launched. But this, like its prototypes, met with 
disaster. It became stranded in a forest and was totally 
destroyed. In the month of September 1910 a fifth balloon 
of this type came to grief. Such practically demonstrates the 
fallibility of the rigid system. 
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The future of the dirigible is undoubtedly in the '' supple '' 
airship. 

PROGRESS OF MILITARY AERONAUTICS IN GERMANY r 
THE THREE ZEPPELim THE PABSEVAZ, THE GB08S 
AIRSHIPS : THE GRAND MANOEUVRES AT COLOGNE 

But German military aeronauts were not dismayed^ 
Through the enthusiasm of the nation, the patriotism of its 
representatives, the initiative and enterprise of Emperor 
William IL, a whole aerial military fleet was constructed, not 
entirely after the Zeppdin lines, but also with the supple or 
semi-rigid types, evolved and built by two fiEmious German 
officers, Majors von Gross and von Parseval, after whom the 
respective airships are named. The Oross airship follows closely 
the designs of the Patrie or the lUpiMigue, the empennages and 
the tapering of the stem of which have been adopted. This 
is a remarkable vessel, and has made a trial trip of thirteen 
hoiurs without descent. 

With regard to the Pars&odl^ it is one of the most perfect 
expressions of modem aeronautics, not only on account of its 
design, but owing to its striking efficiency. The Parswal is a 
beautiful and well-thought-out piece of work ; everything is the 
outcome of experience. The car has a suspension combining 
the advantages of the parallel and the triangular systems. Two 
ballonnets, placed respectively fore and aft, one of which deflates 
while the other inflates, have their envelopes guided by internal 
pulleys as shown in Fig. 40. Not only do they serve to secure 
the permanency of shape, but the d^erence in weight brings 
into play one or the other to assist the elevating rudder to secure 
the inclination of the balloon in any direction. Lastly, the 
propeller is quite an interesting piece of work. When stationary 
its blades, composed of fabric stretched tightly over a flexible 
framework, fedl limply lengthwise upon the frame supporting the 
propeller. But when the latter is set revolving the blades open 
out. Under the combined action of centrifugal force and the 
resistance of the air, the wings assume the best disposition from 
the point of efficiency. Undoubtedly the Parsewd is a marvel 
of inodem aeronauticiEd oonstruction. 
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The German anny has at its command thi/rtem dirigibles. 
Three are Zeppelins of 15,000 cubic metres each, while there are 
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several Oross and Farseval vessels respectively. And if the 
Zeppelins are not of practical use, on the other hand the Oross 
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and the Parseval are military engines of the front rank. Not 
only are these balloons kept ready for instant action, but, 
moreover, there are large sheds which can harbour several 
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maohines at the same time. At Cologne, where the grand 
manoeuvres, especially for dirigibles, were held in October 1909, 
one shed in particular held simultaneously a ZeppeKn, two Oroas, 
and two Parseval vessels. Similar shedis have been provided 
at Metz, Aix-la-Chapelle, and at other points on German 
territory. 

But that is not all : stores, large depots, have been estab- 
lished where are held in reserve from 15,000 to 20,000 steel 
cylinders charged with pure hydrogen under high compression. 
These cylinders are carried in special railway cars, so that 
upon receipt of a command for '* service " they can be attached 
to the first express train travelling in the direction of the 
point where the hydrogen is required. With a train of this 
description it is possible to inflate a Zeppdin in a very short 
time. 

finally a corps of more than two hwndred aeronmUieal offieen 
has been formed The latter have been drawn from various 
branches of the service; even from the navy. Carefully 
selected, highly trained, they constitute an aerial staff of first- 
class efficiency. 

In addition to these military airships, always ready for 
service, there is the (German aerial fleet which can be mustered 
from among private owners. It is possible to rely upon J^ftem 
excellent dirigibles in case of war. This secures a combined 
effective aerial fleet of twenty-eight vessels available to German 
military aeronautics in case of hostilities. 

Oermany, despite its unique position, is not to be lulled into 
a {bIbo sense of security. In addition to the Zq^pdin, the Orosa, 
and ParaewiU there is a fourth type. This is the Buthemh&rg 
airship. Well designed by its authors, it is characterised by 
the use of a long '* trussed girder " carried directly under the 
envelope, and which supports the car or cars, according to the 
dimensions of the vessel. 

Thus it is possible to realise the magnificent effort which 
(Germany has made in the direction of dirigibles. If France 
had the honour of '* discovery," Germany had the foresight to 
** profit." (Germany certainly occupies first position in respect 
of airships. For France to be overtaken by its neighbours 
after the former had shown the way in 1884-1885, is a curious 
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situation indeed* Happily France has the aeroplane. In this 
latter phase no country has yet surpassed or even equalled our 
neighbours across the CShannel. The French aviating officers 
astonished the world at the Picardy manoeuvres, and the 
French by means of their aeroplanes and their aviators are 
the unrivalled *' masters of the atmosphere/' 

ENGLISH, ITALIAN, AND BELGIAN DIRIGIBLES 

In England military aerostation has been represented by the 
construction of the airship NuUi Secwndua. The career of this 
dirigible was short, but no doubt we are following progress in 
the new sd^ice minutely so as to effect something striking 
in a single move. It led to the construction of the Mammg 
Po$t vessel for the nation at the Lebaudy shops, which was driven 
over to London by M. Capazza* 

In Italy the military aeronautical service has evolved an 
wrship which is in every way remarkable, and which, as we 
shall see in a moment, has one of the highest coefficients of 
advanUtge among dirigibles actually existiz^. 

This balloon, known as l-bis, is pisciform. Its total volume 
is 3500 cutMO metres. The envelope is divided into seven 
compartments. The volume of the ballonnet is 650 cubic 
metres; and it has a length of 60 metres, by 10*50 metres 
maximum diameter. The car is 8 metres long, and follows 
the lines of a motor-boat, which the aerial screw is able to 
drive like a ** hydroplane ** should it settle on the water* The, 
86-horse-power OUment^JBayard motor drives two screws of 
3*40 metres diameter, running from 600 to 1200 revolu- 
tions per minute, which give the airship a maximum speed 
of 6S kilometres per hov/tf one of the highest speeds attained up 
to this time in dirigible construction. 

The total weight of the balloon is 2 5 kilogrammes. With 
a capacity of 3600 cubic metres it can lift 1100 kilogranmies, 
made up as follows : 4 aeronauts, weighing 76 kilogrammes 
each, representing 300 kilogrammes; fhel, 300 kilogrammes; 
ballast, 300 kilogrammes ; accessories, 200 kilogrammes. 

The salient feature of this vessel, a feature which renders it 
an absolutely new type, difiisring entirely from the German 
oraft» is the happy oombiiiation of the ''rigid" and the 
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'' flexible " systems. There is a metallic framework, but in- 
stead of forming an immense and indeformable cylinder, as 
in the case of the Zeppelin, this skeleton is articulated. It is 
built up, if I may risk a comparison which seems to me to be 
most apt, of a series of '' vertebrse/' comprising huge hoops of 
steel over which the envelope is stretched* 

The floor consequently is rigid in the transverse, and flexible 
in the lixigitudinal direction, in such a manner that it can 
follow lengthwise all the movements of the envelope, moye- 
ments so variable especially during inflation. A detachable 
** keel " formed of a tubular steel framework extends under 
the rear half of the bottom, and in contact with the balloon. 
This ensures an excellent longitudinal stability. 

With regard to the steering mechanism — tiie elevating and 
lateral steering rudders — this is attached to the stem of the 
envelope itself beneath the empennage. 

This vessel was designed and built under the expert and 
masterly direction of lieutenant-Colonel Moris of the BrigcUa 
speeialisti, ably assisted by the two valuable officers, Captains 
Ricaldoni and Crocco. 

A Belgian sportsman, M. Goldschmitt, has built an airship 
bearing the name Belgivm. It carries two independent motors 
of 60 horse-power each , two independent propellers, and is of 
2700 cubic metres capacity. Its length is 54*80 metres; 
master diameter 9*75 metres. It can carry four persons, remain 
ten hours in the air, and travel at 40 kilometres per hour. 
Consequently its radius of action is 200 kilometres. Stalnlity 
is secured by a cruciform empennage. This vessel was built 
at the workshops of M. GKxlard. 

Moreover, an aeronautical construction society has be^i 
established in Belgium. Strongly supported financially, it has 
placed on the stocks a powerful air^p, La Flcmd/re^ of 6000 
cubic metres. During the Exhibition of 1910 the VtUe-d^' 
BruadUa made several successful ascents. Lastly, let us re- 
member the brilliant excursions of the Swiss dirigible VUU- 
de-Lmeme, constructed at the Astra workshops. 
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COMPARISON OF DIFFERENT TYPES OF 
DIRIGIBLES : THE " CO-EFFICIENT *• 

We see many types of dirigible balloons, widely different 
from one another. Each corresponds, in short, to a new idea ; 
each, one may say, indicates a development. But what is the 
net result ? In short, which is the best airship ? 

The problem is complex, more so even than in the case of 
steamships where there is something upon which to go. 
Accordingly, I have attempted to resolve it, and I hope, even 
if it is not complete, at least to have introduced a new factor 
in aeronautics — ^the "eo-^fficient of advantage** of dirigible 
balloons. 

To evolve a mathematical formula combining speed with 
the shape of the aerial vessel, motive power, and dhnensions 
of the propeller, is still somewhat impossible, there being many 
fftctors to take into consideration to formulate such a calcu- 
lation. But, inspired by the example of Dupuy de Ldme in 
connection with steamships, I have sought to find an " em- 
pirical" formula. On the basis of results of experiments 
spread over a period of fifty years, the clever engineer 
evolved a formula called the ** French marine formula," which 
has the advantage of simplicity. 

By a slight modification I have applied it to aerial navigation. 
This is how it is worked out ; it is a simple arithmetical problem 
by no means difficult, only requiring a little thought, and as much 
within the comprehension of the pupil of the ordinary school as of 
the university or college student. The power of die machine, 
expressed in horse-power, is taken, and ^vided by the number 
of square metres contained in the maximum section of the 
envelope. This gives a quotient, of which the cube root is 
then found. Then it is only requisite to divide the independent 
speed of the airship, expressed in myriametres per hour, by 
this cube root : the result of the division is a number, alv)wys 
letwem 3 avd 5, which qualifies the airship-— this is %U 
coefficient of adva/ntage. This number expresses the value of 
the airship in exactly the same manner as the mark given by 
the examiner, to a young man who passes an examination, 
expresses the position of thej candidate in relation to 
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competitors. The value of this number takes into consideration 
all charaoteristios which theory is still powerless to calculate 
correctly — lines of longitudinal sections, resistance of the air, 
efficiency of motor; as well as pitch, slip, and efficiency of 
propeller, &c. 

In working with a number of diri^bles of which I have been 
able to obtain definite data, I have in every case been able to 
obtain an individual co-efficient, which wfll be found in the 
following Table : 

TABLB SHOWING 00-BFPIOIBNT OP ADVANTAGE IN 
BEGABD TO DIRIGIBLE BALLOONS 



NMMi of Dliigibles.1 


Section. 


Propor- 
tion of 
length to 


Horse- 
power. 


Speed. 


Value of 

ooefflcient 

0. 






diameter. 






OiffardlV.) . 


113 


3*66 


3 


0*90 


3*20 


Zhipuy-de-L^me (F.) 


173 


2*45 


3 


0-80 


308 


Tiaaandier (F.) , 


66 


3-00 


1-6 


108 


3*80 


La France (Benard et 












Krebs) (P.) 


55-4 


600 


9 


2-33 


4-24 


SaMto8'DumofU (F.) 


27-9 


6*60 


16 


2-70 


3*26 


LeboMdy (R) . 


84 


5*60 


40 


3-25 


420 


Pa«w(P.) . 


d3 


6-50 


60 


400 


4-60 


CUm&rU-Bayard (P.) , 


90 


5-00 


100 


4*50 


4*31 


E^piMiq%te (P.) . 


93 


5-60 


60 


4-00 


4.60 


Zeppdin (Oyl.) . « 


106 


11-00 


170 


400 


3*47 


Faramxd 11. (P,) . 


68 


6-00 


100 


4*20 


4-04 


MiKkM-e ItaHm (P.) . 


90 


6-00 


70 


4*50 


4*90 


^ 1^ (P,) 


86 


5-7 


100 


6-30 


5 






.Pl7^ 



1 (F.) : fndform ; (?•) : pisoiform ; (Oyl.) : oylindrioaL 

Therefore, by means of this co-effioient, one has a means of 
*' classifying '' the balloons in their order of merit absolutely the 
same as in an examination. The mark attributed to each 
candidate permits its classifioation in relation to its colleagues. 
The more the co-efficient is in the neighbourhood of 5, the 
more advantageous is the airship, whereas its effidenoy is 
indifferent if the co-efficient drops below 4. 

This simple method shows the superiority of Colonel 
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Banard's ideas. The form of all dirigibles which does not 
follow that of the fish (the latter he maintaiiied to be indis- 
pensable) have an inferior co«-efficient. The ZeppeUn, notwith- 
standing its huge elcmgation, reaps but slight advantage 
firom its motor. On the other hand, Za Franee, buOt twenty- 
five years ago, had an excellent co-efficient. The best are the 
Patrie, the Bipublique, and the Italian dirigible. In particular, 
the co-efficient 4U4(rtr of French military balloons of the ^^^ 
Sipublijue type is remarkable, inasmuch as these balloons <mly 
have 60 horse-power motors, and always carry a heavy bulk of 
disposable ballfUit-*-£rom 700 to 800 kilogrammes. 

If it is pointed out that the co-^cients inferior to 4 affect 
all fusiform or cylindrical balloons, one may go further and say 
that in all puctform baUoans having the greatest diameter at the 
prcw, the eoejfioient of advantage mU always he between 4 and 6. 

WHAT ARE THE IMPROVEMENTS TO BE EFFECTED 

IN AIRSHIPS? 

An independent speed of 46 kilometres per hour, therefore, 
may be considered fulfilled by airships commercially con- 
structed to-day. This speed enables them to set out in the 
vicinity of Paris with the certainty of being able to cope with 
the wind, and to steer in all directions for, on an average, 
about 300 days durii^ the year. Such is a remarkable 
aohievmnent without a doubt, but it is not sufficient. 

A speed of 70 kilometres per hour — that is, 20 metres per 
second — ^must be attained to enable them to go out on an 
average for 860 days out of the 866 ; thus the impossible days 
would number only fifteen per annum, and these would be wilcQy 
tempestuous days. Will it be possible to attain these speeds, 
and to increase the velocity from 13 or 14 to 20 metres per 
second 7 Such will be reached probably, but it will be difficult, 
since it will be necessary to employ more powerful motors. 
Calculations show that if 13 metres per second are obtained 
upon a certain airship with 100 horse-power, it will be neces- 
sary to use about 460 horse-power te give the same vessel a 
velocity of 20 metres per second; undoubtedly the motive 
power must be divided between two engines and two propellers. 
Thus a much more powerful— that is to say, heavier — ^motor 
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would have to be used, consuming four times as much fuel, and 
the aerial vessel's radius of action would be decreased. The 
balloon itself would have to be provided with a stronger and 
heavier envelope, to be able better to resist the greater thrusts 
that the increased speed would bring to bear upon its surface. 
Perhaps it would be necessary even to resort to compartments^ 
which would increase the weight still more. 

The solution of high speed demands, consequently, that air- 
ships shall be far larger and cany &x more powerful engines. 
But then another point arises — that of the resistance of the air, 
which is proportional to the square of the speed. Again, the 
balloon will assume an inclination, and will lift its nose slightly 
the action of the air will t«nd to lift the envelope as it lifts a 
kite. One consequently reflects whether, in the case of an 
airship of large dimensions, the naturally rising balloon, travel- 
ling at a certain speed, would not be able to sustain itself in 
the atmosphere without aerostatic intervention by virtue of 
the Archimedean thrust, and solely by the efifect of the velocity 
of the ab upon its suitably inclined sur&ce. In other words, 
whether it would not be possible, under these conditions, to 
dispense with the '* aerial float.** 

Colonel Benard calculated that, with an airship of the 
dimensions of La France, this result would be obtained when 
the speed attained 72 kilometres per hour. In that case there 
would be no more need for the encumbering, expensive, and 
dangerous hydrogen, and we could rise into the air under a 
purely mechanical effort by an apparatus heavier than the air. 

TUs brings us to the study of this second form of aerial 
navigation which has opened up so brilliantly in the form of 
the aeroplane. 



PART II 

AVIATION APPARATUS 



CHAPTER I 
THE PRINCIPLES OF AVIATION 

The " HEAVIER THAN AIR " PROBLEM : BiRDS AND 

KITES : The problem of equilibrium : How it can 
be obtained : different forms of ayution : 

The aeroplane 

WHAT IS AVIATION? 

Aviation is the art of lifting and propelling through the 
atmosphere a body "^heavier than air/' by utilising the 
resistance offlored by the gaseous element to the movement 
thereof. 

If the first successes of man in aerial navigation were due 
to the invention and use of aerostats, undoubtedly his first 
ambition was to emulate the birds, whidi are " heavier than 
air." Centuries of thought were required to grasp the physical 
principles upon which the action of the aerostat is based. On 
the other hand Nature had placed before our eyes marvellous 
travellers through the air — the birds. As a result it may be 
afiSrmed that it was aviation, which, from the first, haunted 
the minds of those ambitious to traverse the atmosphere. 

But now the solution has been found. Although man has 
not realised yet in a satisfactory manner the solution as 
presented by the bird, yet the problem has been resolved 
by three quite distinct types of flying apparatus. These are : 

The OrnithopUfr (sometimes called orthopter), which is an 
apparatus having *' flapfdng wings," imitating the bird's method 
of propulsion and sustentation. 

97 o 
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The EdiwpteTy an apparatus which uses simply the action of 
screws, as much for sustaining as for moving and steering. 

Aeroplanes^ utilising, by means of large oblique surfaces, the 
resistance of the air for sustentation under a horizontal speed 
imparted by the screw-propeller. 

Omithopters have been tested but rarely. Helicopters, very 
fascinating at first, have been relegated now to a second position. 
Only aeroplanes (the study of which has been pursued really 
rationally only during the past two years) have developed 
with sudi rapidity, and furnished such convincing proofs of 
their practical value, as to enable it to be conceded that the 
problem of aviation is solved at last. Consequently we shall 
devote the following pages almost exclusively to their study. 

HOW BIRDS FLY 

Before discussing aviation, such as is practised to-day by 
man, it is necessary to examine flight as fulfilled by birds, those 
inimitable natural aviators, the Latin name of which (am, 
bird) has furthermore provided the appellation for the new 
trans-atmospherical locomotion. 

Being heavier than air, birds sustain themselves therein 
by utilising the resistance of this element to their movement. 
This resistance, as we have seen when speaking of '' dirigibles," 
is proportionate to the moving surface, and increases as the 
square of the speed. Birds oppose to the air very large 
'' sustaining " sur&ces, known as wings. Also they have an 
organ, the tail, for balancing and guiding at the same time. 
The complex movement of their wings, securing a fulcrum by 
striking the air, enables them to force their way forward. 

Bird flight appeared mysterious for a long time, but, as 
Blarey's works distinctly proved, it is effected in three distinct 
ways. 

There is, first of all, the *' flapping " flight, where the birds beat 
their wings to keep themselves up and to move about aa 
desired. 

Then, there is the soaring flight, practised by the bird when, 
hurled on at a great speed, it ceases to beat its wings, but keeps 
them outspread. Owing to the large surface of the latter, gliding 
gn the resisting molecules of th^ %vt, the bird only has to steer 
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while moving forward. It is this phase of the bird's flight 
which the aeroplane imitates. 

Lastly, certain large birds, such as the albatross and the 
frigate-bird, practise the mil flight, in which, without muscular 
effort, they press into service the varying wind velocities — the 
" gusts " which occur in the atmosphere. When the bird feels 
the speed of the wind to be increasing, it faces the latter, and 
with wings outspread allows the wind to bear it along, both in 
ascension and progression. When it feels that the gust has 
reached its maximum speed, and is about to decrease, it turns 
round and glides, owing to the velocity and altitude it has 
acquired with the wind behind. During this gliding action it 
can attain and mcdntain high velocities, therein bringing into 
practice the gliding plane. At the moment it feels the 
advance of imother squall, it turns round once more, head 
to the wind, and the same cycle of operations is repeated. In 
this manner it utilises the variations in wind velocity without 
any muscular efforts beyond those necessary for reversing from 
time to time. With marvellous animal instinct, it will be able 
to profit advantageously from the fluctuating intensity in 
the successive gusts, and will manage even to ''gain upon 
the 9nnd." 

How are these gusts produced ? So long as one is near the 
surface of the ground, it may be admitted that they originate 
from the varying reflections of the horizontal wind by the 
projections promiscuously scattered about the terrestrial surface, 
without any regard to geometrical laws. But it has been 
proved often that such gusts exist at great atmospheric 
altitudes. What, then, is the cause? Are they due to 
fluctuations in the intensity of solar radiance, according as to 
whether more or less opaque clouds interrupt the passage of 
the sun's rays, and thus produce unequal heating of the 
atmospherical masses ? 

Until careful observations, vital to aerial navigation, are 
made, concerning these phenomena, by aerostatic means, one 
must be satisfied with the conception of the dynamical state of 
the atmosphere as set forth by a clever French engineer, M. R. 
Soreau, an old pupil of the Ecole Poly technique, President of the 
Aviation Committee of tbo Aero Club of France, and one of the 
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savants whose excellent theoretical studies have contributed 
perhaps most to the '' unravelling " of so complex a question 
as aviation. 

M. Soreau compares the state of the centre of the 
atmosphere with that of the surfEtce of the ocean. Every one 
knows that the open sea is traversed always by -' wave " systems 
obeying well-determined rhythmical laws, of which the " swell " 
is the most common and simplest manifestation. According 
to this clever engineer, the atmosphere is the seat of similar 
aerial waves, communicating to the gaseous masses vibratory 
movements of a perfect regularity. The progress of the latter 
is uniform because at an altitude they are too distant from 
the ground and its projections for their regular line of move- 
ment to be susceptible to confusion. It is from such 
" atmospherical waves " that the bird profits in most cases of 
sailing flight. 

Will this sailing flight ever be accessible to man? In 
view of the more and more powerful, and at the same time 
lighter and lighter, motors, which he constructs, will man 
ever be in a position to achieve this end ? For my part, I do 
not think so. But it is interesting to bear in mind this 
variety of flight, which we see practised hy birds having a 
large wing surfsu^e, the " great sailers " as they are called, 
which cleave the air above the ocean, and the fury of which 
is let loose by the tempest. Even then, these birds will 
utilise those '' ascending currents of air," caused by the reflec- 
tion of the prevalent wind upon the oblique slopes of the 
immense waves of the Atlantic and of the Southern seas, 
where the height of these liquid hills reaches 16 to 18 
metres. This explains why, by resorting to this gliding flight, 
these " birds of the tempest " always keep quite close to the 
disturbed surface of the ocean. 

As to the ''wheeling" flight practised by birds of prey, 
in reality this is gliding. Sometimes when these birds are 
seen rising, gaining height whilst describing their majestic 
circles — as, does, for instance, the buzzard — ^it is because in 
so doing they utilise an ascending current of air, which is 
often produced in summer above abnormally heated ground. 

Hence, when soaring, the bird moves without effort. But 
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a deep study of its movements shows that its wings fulfil 
two distinct functions — propelling and sustaining surfaces 
respectively. Moreover, it is the extremities of the wings 
especially which propel the animal, the central area serving 
principally for sustentation. 

Why has man not sought the solution of the problem of 
aviation merely in the imitation of the bird flight ? It is 
because human thought has conceived, and has realised, a 
more general and more efficacious mechanical movement than 
those which exist in Nature — rotary motion^ of which Nature 
does not offer us any example, except in regard to celestial 
bodies. But there is a powerful reason for this peculiarity. 
Owing to all living beings being liable to growth as time 
progresses, their propelling organs must enlarge freely, in 
proportion to this growth. Such would not be possible always 
in combination with rotary organs. 

Man has sought^ therefore — ^and success has shown that 
he has done so with reason — to accomplish high travelling 
speeds on land and sea by means of revolving apparatus — 
wheels, screws, turbines, &c. He has been able thus to attain 
and io exceed the speed of the fleetest of animals. Now, why 
should what is good on land and sea not suffice for the air ? 
We do not construct motor-cars with fdet nor trans- 
atlantic boats with fins. Therefore we may seek for propulsion 
through the atmosphere otherwise than by flapping of wings. 
If we use wings for sustentation we must at least concern 
ourselves with machines and revolving propellers to move in 
the Aerial Ocean. 

THE FORERUNNER OP THE AEROPLANE : 

THE '^KITE" 

The excessive weight of the '' human motor/' a weight w;hich, 
as we have seen (page 7), approximates 1000 kilogrammes 
per horse-power, appears to forbid man the realisation of flight, 
by the use of his own muscular effort. All who have tried to 
solve the problem of aviation in this manner have faUed. 

But from time immemorial a means of raising bodies 
^heavier than air" into the atmosphere had existed. This 
is the " kite," that toy, which has now become one of the 
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most valuable instruments in scientifie investigation, but which 
has been known in China and Japan from the most remote 
days. 

It is scaroely necessary to define the kite, which we have all 
handled, more or less. It is a rigid frame of wood and strings, 

on which is stretched 
a surface of fabric or 
paper. A string holds 
the apparatus to the 
ground, and when the 
wind reaches a suffi- 
cient velocity the con- 
trivance lifts itself into 
the air. If the surfieu^e 
of the kite is sufficiently 
large, it may even lift 
objects— meteorological 
instruments or photo- 
graphic apparatus. 
The equilibrium of the kite is due to the combination of 
the forces which bear upon it (Fig. 42). The surface exposed 
to the wind is, in fact, kept "oblique" in relation to the 
direction of the latter. The molecules of air, in striking 
against this slanting surface, exert a thrust thereon which, 
as is shown Jby calculation and proved by experiment, is 
perpendicular to this surface, and tends to lift it. This is 
one force to which the apparatus is submitted. There is 
a second, which tends to cause it to fall towards the earth ; 
this is its weighty which acts vertically from top to bottom. 
And finally there is another ; this is the tension of the cord, the 
resistance of which acts as a check against the thrust of the 
wind* The pressure, resulting from the action of the current of 
air upon the surface of the kite, divides itself into two elemen- 
tary actions. One is directed from bottom to top, and 
combats directly the thrust of the weight: the direction 
of the other is opposed to that of the retaining cord, and 
is therefore always destroyed by the latter, which one concludes 
to be sufficiently resistant as not to break under the effort 
to which it is subjected. 
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Under these conditions, the contrivance is in equilibrium. 
Let one of the above forces be varied, and equilibrium is 
disturbed immediately. If the wind increases, its pressure 
becomes stronger, the vertical thrust is augmented, and the 
kite rises. If, on the contrary, the wind does not change, 
but the weight of the apparatus is enhanced unexpectedly, 
as, for instance, by rcdn, the kite hUa. Lastly, if tiie third 
force is annulled, that is, if the cord breaks, the kite is carried 
away by " the wind." 

Such is a very simple example of an apparatus, which lifts 
itself by utilising two forces: (1) the resistance of the air; 
(2) the tension of a cord, whieh maintains the surface exposed 
to the wind. Of course there tnfust be a wind to lift the kite. 
Now there are some days when the wind is a negligible 
quantity. What is to be done then ? 

Children, the traditional fliers of the kite, do not allow 
such a small trifle to stand in their way. There is no wind ? 
WeU, " they qreate one," by running as quickly as their legs 
will carry diem, for it must not be forgotten that wind is not 
a concrete feustor I It is the rekUioe movement of the air in 
comparison with a body, and this movement may take place, 
either with the air in motion, and the body stationary ; or with 
the air still and the body moving rapidly tlirough it. This is the 
reason why in a motor-car one has a sensation of '' wind *' 
even when there is none. And children, by following these 
instinctive actions, invented and realised the meropUme. 



SCIENTIFIC KITES : MILITARY KITES : KITE 

ASCENTS 

We do not intend to give in detail the technics, construction, 
and launching of the kite. But it is impossible to ignore 
two of its applications which are of the highest value, the 
one to science, the other to war. These are exploring and 
military kites respectively. 

When it is a question of investigating scientifically the 
uppermost atmosphere, ''sounding balloons" carrying self- 
registering barometers and thermometers are sent aloft. 
These balloons can rise to extreme altitudes; they have 
attained heights between 18,000 and 20,000 metres. But 
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they are liable to be lost, to fall into deaert regions whence 
they can never be recovered. 

When it is desired to ascertain the temperature of the air 
in other than the very highest regions, when an altitude of 
from 4000 to 5000 metres is sufficient, one can use kites 
formed of several flat surfetces connected togeth^. It will 
be noted that we find this arrangement in the biplane. 

Self-registering meteorologicid instruments, photographic 
appliances, &c., can be attached to this apparatus, which after 
being sent up is held» not by a cord, but by a thin steel 
wire seven or eight tenths of a millimetre in diameter. 
Such a wire can withstand a strain of nearly 50 kilogrammes 
without breaking. Kites so equipped, and flown by Prince 
Albert of Monaco over the Atlantic from the deck of his 
yacht Frincess Alice, attained an altitude of 4500 metres, 
recording most valuable results concerning the temperature 
and humidity of the upper atmospheric strata. 

But it is possible to go farther. We can imagine the 
ambition of an observer to lift himself by the aid of a kite. 
As a matter of fact, in France, two distinguished officers, 
Captains Madiot and Sacconey, have carried out some very 
fine experiments in the course of which they lifted themselves 
with a success which was equalled only by their intrepidity. 

However, this idea is old ; the earliest attempts date from 
a long time ago. The French sailor Le Bris made the first 
venture in 1856 ; Maillot followed him in 1886. But it is 
through the efibrts of the English and Russian officers that we 
are able to say that ascent by kites b now an accomplished fact. 

We may confine ourselves to the mention of the names of 
Hargreaves (1894), Baden-Powell (1894, 1896,1898), Lamson 
(1896), Wise (1897), in England, and above all of the Russian 
Lieutenant Sohreiber, and the English Captain Cody, two 
designers of military kites. 

In this case, several kites are used, their sustaining efforts 
being led to a single cable to which the " car," in which the 
observe desirous of being lifted takes his position. The lines 
on which such a '' train " of kites are disposed and manoeuvred 
differ according to the various operators. 

After all is said and done these experiments are of the 
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greatest interest to aviation, and they support that apt 
expression of the unfortunate Captain Ferber, ''A kite is 
nothing more than an anchored aeroplane." 

DEFINITION AND ELEMENTARY EQUILIBRIUM 

OF THE AEROPLANE 

An aeroplane, in fact, is nothing but a kite which " creates 
its own wind." For this purpose the string is replaced by a 

motor, and a screw which 
imparts a speed equal to 
what the wind would have 
to be to support it like a 
kite, were it held by a cord. 
The pull of the string is 
replaced by the thrud of 
propuUum (Fig. 43), and 
the conditions of equili- 
brium are, at least funda- 
mentally, quite as simple 
as those of the kite. An 
aeroplane in principle 
therefore will be composed 
of a Bwpporting mrfcuie 
divided into one or two 



Component for 




Q Hotive power. 



L 



Weight 



Fio. 48. Bqnilibrinm of the tbeoretioal 
aeroplane 

The aetopUmt u kept in equilibrium 
vmder ike combined forees of %t$ weight, 
power of iti engine, wnd of the reeiitance 
of the air 



parts, which are often called the wings, attacking the air in an 
oblique manner by means of a propeller and a motor. It will 
be connected to a skiff or car, in which wiU be the aviator, the 
motor, and the mechanism for steering, comprising at least two 
" rudders " — one a " steering rudder," to turn to right or left, 
and the other an " elevator," for ascending or descending. 

The motive power propelling the apparatus, the surface of 
which cuts the air in an oblique manner, compels the gaseous 
molecules to glide under this surface. Therefore, they 
exercise a renstcmce upon it, the effect of which is a 
perpendicular thrust upon the moving plane. This thrust 
may be replaced by two other forces ; one vertical, which 
tends to lift the contrivance, by annulling the effect of its 
wdght, which would tend to make it fall ; the other, horizontal, 
directed towards the stem, and tending to retard the speed of 
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the apparatus. Therefore equilibrium is realised when the 
speed due to the motiye power is sufficient for the thrust to 
be able to lift the weight of the apparatus. Thus this speed 
is called the ** controlling speed /' and the aerial yehicle will 

continue its travel in a 
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straight line so long as 
the forces which act 
thereon retain their re- 
lative values. 

But if any one of the 
considered forces should 
change, the equilibrium 
is destroyed imme- 
diately. For instance, 
if the speed of propulsion increases, the resistance also increases, 
and also therefore the resultant vertical lifting component. The 
weight not varying, equilibrium is destroyed and the apparatus 
rises ; on the contrary it descends if the speed of propulsion 
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decreases ; it descends also if the '' supporting surface " for 
some reason or other is diminished, in the same manner as it 
rises, if the weight of the apparatus is lessened, as occurs 
during a journey, owing to the consumption of fuel by the 
motor. 

Therefore, the very simple conditions of equilibrium which 
we have examined are precarious, and the problem must be 
investigated a little more closely to seek the conditions answering 
the requirements of current practice. 
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RESISTANCE OF THE AIR : ANGLE OF ATTACK : 

CENTRE OF THRUST 

To learn exactly what will happen when tlie controlling 
speed is varied, we must hearken back for a moment to the laws 
of the resistance of the air, which are fundamental in the 
question of aviation. 

Let us consider (Fig. 44) a moving surface, inclined in the 
direction of its advance. The resistance of the air increases 
proportionately to the spread of this surface, in proportion 
with the square of the speed at which it is driven, and increases 
at the same time as the angle at which it is inclined to its 
trajectory, and which is called the angle of attack. Conse- 
quently, if this angle is very small, the resistance is very slight ; 
but on the other hand, the lifting effort is a greater proportion 
of the thrust (Fig. 45, No. 1), whereas the resistance to advance 
is a fraction less. If the angle of attack increases (Fig. 45, 
No. 2), the thrust becomes stronger immediately, but the pro- 
portion of this thrust, which constitutes the lifting effort, 
decreases if more inclined to the vertical, whilst resistance to 
advance is increased. Therefore it is necessary to seek the optima 
value of the angle of attack. Calculation and experience agree 
that it must be very small always. 

But a more uninterrupted study of the resistance of the idr 
upon an inclined surfstce in motion, shovrs us something even 
more important. We have supposed, in the elementary 
explanation which we have given of the conditions of equilibrium 
of an aeroplane, that this was absolutely symmetrical, and that 
all the forces which acted upon it were applied to a common 
point Q, which would be its centre of grcmty. In practice, things 
are not so simple. 

In reality the point of the moving surfetce where the pressure 
is applied, a point which is called the '* centre of thrust," does 
not coincide with the centre of gravity. It approaches nearer 
to the front edge of the moving surface, as the angle of attack 
is decreased. This is what experiment demonstrates : if one 
moves forward through the air in a horizontal direction, a per- 
pendicular plane which cuts the molecules squarely (Fig. 46), 
the phenomena are symmetrical, and the thrust will be 
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exercised upon the centre of gravity itself. But if the moving 
plane is inclined (Fig. 47), the gaseous molecules have much 
greater difficulty to rise up under the cutting edge than to go 
downwards to gain the other side of the plane. Then the thrust 

is greater on the front 
extremity up which 
theyare forced to travel, 
and the centre of thrust 
comes nearer the front 
edge. 

Such fluctuation in 
the position of the centre 
of thrust alters the 
aeroplane's conditions of 
equilibrium and affords 
us some data concem*- 

FiG. 46. FlatperpendioalArsnrfaoeadTMiciiig in^ construction, 
horiiontallj through the air {the air moUeules %. , ' 

gidde t^mmeHeaUy rmmd the endi) Let US consider an 

aeroplane advancing 
(Fig. 48 ) with a very small angle of attack. The centre of thrust, 
as we have just seen, will be brought forward to a point near 
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the front edge. The lifting effort applied to this centre will 
be directly opposed to the weight no longer, the latter being 
always applied to the centre of gravity. Hence the disposition 
of the two forces will tend to cause the surface of the aeroplane 
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to turn in the direction indicated by the curved arrows shown 
in the diagram. 

MoreoTor it is necessary to observe that the position of the 
centre of thrust is not fixed ; it varies for each value of the 
inclination of the aero- 
plane, and advances more 
towards the front as the 
angle of attack is made 
sharper. Yet this is not 
all. Let us suppose, 
through an accident or 
some untoward mishap 
during travelling, that 
this surface is inclined ex- 
cessively. The idr would 
then strike from above, 
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and this would bring about a certain rapid and £Ettal fedl. Con- 
sequently a means must be found for readjusting the aero- 
plane when it inclines in 
the direction of its length. 
This end is fulfilled by the 

The emp^mage com- 
prises a surface placed well 
to the rear of the sustain- 
ing surface (Fig. 49), to 
which it is joined by a 
** connection" which, being 
light, rigid and latticed, 
offers only a slight resist- 
ance to the air. Under 
these conditions, when 
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the influence of the thrust is applied forward of the centre of 
gravity, where the weight acts, the aeroplane, as shown in 
Fig. 48, tends to turn in such a manner that its stem is lowered 
towards the ground. But the thrust which is exercised upon 
the empennage, a thrust acting with the aid of the long *' lever 
arm " represented by the rigid connection, lifts and brings the 
apparatus back to its normaj incline, in accordance with the 
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calculations concerning its dimensions and motiye power. In 
the same manner a projecting '^ flange " (Fig. 50) not very high, 
towards the stem of the sustaining surface, would be " effaced " 
behind the front edge during the journey under a normal 
incline. But if the apparatus were declined at the bow, the air 

striking this flange, 
which would be ex- 
posed by the accidental 
lowering of the front 
edge, would act there- 
on, and this pressure, 
bearing on the stem, 
would force it down, 
restoring the aeroplane to its normal incline. It may be seen, 
therefore, from these two examples that an aviation apparatus 
can be given an automatic longitudinal stability. 

Let us remark that kites have been fitted with this very 
simple means to secure longitudinal stabilisation for a long time 
past in the form of a tail. This does not serve merely as a 
counterweight to the stem ; a piece of lead at the bottom of the 
frame would answer this purpose, but without ensuring stability. 
The tail acts as a true stabUisator, and kites must be provided 
therewith. However, we shall return to this subject in the 
course of the next chapter. There is one other question, also 
vital in balancing the aeroplane ; that is transversal stability. 
But in this question, the shape of the wings, dimensions, even 
the construction of the apparatus, are inferred as being known. 
We will conclude this explanation of the general principles, and 
see how they are applied to the conception of a projected 
flying machine. 



CHAFTER n 

APPLICATION OF THE GENERAL 

. PRINCIPLES 

From theory to fbagtice : The wings : Mono- 
plane OB BIPLANE : StabHiTit and the means fob 

ITS REALISATION 

SHAPE AND DISPOSITION OF THE WINGS 

We hare seen by what effects of the resistance of the air a 

flying machine may be sustained in the atmosphere. We 

must now ascertain in what manner we can utilise these 

effects most adyantageously. 

First of all, should we use flat or concaye wings ? This is 

the primary question. If we take as an example the wings of 

a bird, which are the sustaining surfaces for soaring, we 

notice that they are always concaye underneath. Since the 

first attempts at aviation, constructors, therefore, have sought 

always to build wings distinctly concave, the concavity b^og 

turned towards the earth. Experience has shown, moreover, 

that a surface slightly concave towards the rear gives the 

aeroplane, for the same speed, much superior lifting power to 

that obtainable from a flat surface carried thereto. Further, 

M. B. Soreau, in a very fine calculation, has shown that for 

any concave wing a flat surface may also be determined. Such 

would act as if it were connected rigidly with the concave 

surface, while the carrying power would be just the same 

as that of the concave surface. But, at the same time, the 

concavity introduces a " counter-resistance " to advance, i.e. 

produces a force of reaction which increases somewhat the 

propelling effort in the same direction. In other words a 

slightly concave surface '' carries " better than an equivalent 

^t surface. 

Ill 
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Calculation and experience being in agreement in the re- 
commendation of concave surfetces, we shall employ Buch in 
the construction of aeroplanes. 

Moreover, the wings will be elongated and disposed at right 
angles to the length of the flying body. 

For this purpose imagine a wing of rectangular shape, 
measuring 2 metres by 4 metres, viz., 8 square metres (Fig. 51). 

If we cause this surfetce to 
advance longitudinally, the 
streams of air struck by its 
front edge, and driven be- 
neath the wing, will escape 
under the edges to which 
' they are in close proxi- 

Fio. 61. A long, narrow, flat surface j^j^y ^ ^^ ^^ contribute no 

l%e eurrenU of air €$oaping imimedkaefy lonirer tO SUStCntation. I£ 
along the 9ide$ are inefieierU nr »uttetU(Uiion ^, ^ .,• 

on the contrary, this same 
wing be moved on its broader edge (Fig. 52) the currents of air 
cannot escape sideways, because they are pressed back by their 
neighbours, with the exception of those 
which are at the extreme sides. In 
this second arrangement, all the cur- 
rents thus contribute to sustentation. 
Our wings, which we have been induced 
to make slightly concave, will therefore 
be disposed transversely. 

This lateral arrangement of the sup- 
porting surfaces, moreover, is what we 
find in all birds and flying insects ; in 
birds particularly the " spread " of the 
wings is always considerable (Fig. 53). 

In addition, irrespective of the ex- 
tent of this spread, the carrpng surfaces 
may be set either horizontallly, in the 
form of a more or less obtuse angle, or 
like a very open upright, or overturned V. 
The Y-arrangement of the wings has been adopted, notably by 
Captain Ferber, while on the other hand the wings of the 
Wright machine are straight. 




Fia. 52. A short, wida 

The ew rrm U of air are 
kept beneath the iurfaee 
during the movetnenty amd 
arether^oreahUtonaktin 
theplame 
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MONOPLANES AND BIPLANES 

We are led, by virtue of what has been said, to take light 
sustaining surfaces of great isuperficies if we wish to raise an 
appreciable weight, such as, for instance, a motor, propeller 
and aviator. Let us suppose that calculation as a result of 
experimental data shows us the necessity of a carrying surfEM^e 
of 50 square metres. Will 



^^'liT*^^ 



this surface have to be em- 
ployed in the form of a single 
transversal wing, of two, or 
even of three wings super- 
imposed ? Under these con- 
ditions the transversal 
'* spread" is decreased, which, ^^^' ^' ^ ^^'^ ^"^^ outipr«id 
as regards the encumbrance ^^ ^*^* <*^ « wjiporUng iwfaeei<mdthe 

r ^? . 1 •. taiU terve» a$ the emnennage 

of the apparatus and its 

working efficiency, may constitute an advantage. In other 

words, shall the aeroplane be " monoplane ** or '' multiplane " ? 

Birds obviously are monoplanes, and they are excellent 
monoplanes too. Consequently everything would urge us to 
make our aeroplanes as monoplanes. But there are kites to 
recommend multiplanes, or at least biplanes ; and the indica- 
tions of this popular toy cannot be overlooked, for, as Captain 
Ferber so truly said, " the kite is an anchored aeroplane." In 
fact, if the ancient kite is a monoplane with the " tail " con- 
stituting the stabilisating empennage, the modem kite is at 
least a biplane. The following will show how and why this 
disposition has been adopted, and wMch experience has diown 
to be very advantageous. 

Let us consider a kite (Fig. 54 A) which we send alofb in 
a very steady wind. So long as we do not seek too great a 
height, the apparatus will behave beautifully. But if we 
wish to send it higher and higher we must not forget as we 
pay out the cord that the kite has to support a proportion of 
the ever-increasing weight. Therefore tliere will be a height 
limit above which the weight of the paid out cord will exceed 
the carrying effort, resulting from the thrust of the idr upon 
the membrane of the kite, and the latter will fall. But 
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an arrangement, as simple as it is old, can be employed now. 
An auxiliary kite may be introduced and attached at an inter- 
mediate point of the main kite cord, and will thus support a 
proportion of the cord's weight. Such a combination will be 
able to rise to a much greater height than a angle kite. The 
two kites may be placed a short distance apart, or be brought 




Fig. 64. Evolution of the box, from the multiple, kite 

The two pUmeM of the hUes »paeed apart in the ajfttem A are brought together 
and combined in the tyttem B ; whUe in O two groupe of paralld wlrfa/oee^ 
otmrnitUdiogtOkerhgaAgidframiw^ 

yery close to, and parallel with, one another (Fig. 54 B), or 
they may be so made up as to form boxes covered with cloth. 
It is upon these lines, laid down by Hargreaves the Australian, 
that the modem children's kite (Fig. 54 C) is built; also 
those, larger and more skilfully constructed kites, which are 
used by meteorologists for carrying registering instruments 
into the upper atmosphere. 

The *' cellular " kite (Fig. 54 C) is nothing but a biplane aero- 
plane, provided with an " empennage tail," to secure its stability. 

Therefore we can distribute our supporting surface upon 
two superimposed parallel planes. Such is the design of the 
Farman, Delagrange, Wright, and Voisin aeroplanes, whereas 
those of Bl^riot, Esnault-Pelterie, Gbustambide, Santos-Dumont, 
and the "Antoinette" are monoplanes. Naturally, we can 
make triplanes or quadriplanes, but one must not proceed too 
far in this direction, as there would result a " pile of planes," 
the stability of which would be precarious. Here, as in all 
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things, the happy medium must be found. One inherent 
objection to multiplane construction must be pointed out ; the 
rigid supports which connect the planes together present a 
large sur&ce of resistance to the air, and for tibis reason mono- 
planes are much to be preferred. Moreover, the Reims week 
of 1910 demonstrated conclusively the superiority of the 
monoplane, which appears to be the aviation apparatus of the 
future. 

LATERAL STABILITY : TURNING 

We have obtained longitudinal stability in the aeroplane by 
the use of the " empennage tail." But lateral stability must be 
secured also. In other words, the wings of the apparatus must 
not incline from right to left, or vice versd, during travel. At 
any rate, if such an incline were perchance to occur, the appa- 
ratus must be constructed in such a way that it rights itself 
under its own effort. 

Now, an aeroplane must be considered in two phases of 
movement — that following a straight line and that following a 
curved line, otherwise called " turmng." 

In the case of the straight line movement, the lateral 
stability, if not ensured, is fidfiUed very adequately at least 
by the spread of the carrying surfaces, which counteracts 
sudden inclination. Moreover the centre of gravity of the 
contrivance is always below the carrying planes (or tixe single 
sur&ce equivalent thereto) on account of the weight of the 
motor and passenger, a weight which would tend to right the 
apparatus if it were to incline unexpectedly. 

But this is no longer the case when, describing a curved 
line, the aeroplane turns. Then there intervenes a complex 
phenomenon which causes it to dip " inwards ** — that is to say, 
towards the centre of the circle which the machine describe. 
This phenomenon is the unequal resistance of the air upon 
the two extremities of the supporting wings. We must 
examine this a little more minutely. 

Let us consider an aeroplane (Fig. 55) describing a turn. 
To gain a clear idea of the subject, let us suppose that the 
spread of this aeroplane is 10 metres, and that the circle 
which the centre of the machine itself describes has, for 
instance, a radius of 15 metres. Under these conditions it 
will be seen that the inner extremity. A, of the wing will 
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describe, during a certain time, the arc of the circle AA', in 
passing from position (1) to position (2), whilst the outer 
extremity, B, of the same wing will describe, during the same 
time, the arc of the circle BB', double the length of AA', The 
exterior extremity, B, therefore must travel twice as &r during 

the turn as the interior 
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Fia. 56. How an aoroplaiie tmiif 

The retUta/nct of ike air vmm the intide unng 
being redueed, Urtmtvene equuibrwimU duircyed^ 
90 that the aeroplane inciUnes towardi the oerUre 
of the eirele represented by the turn 



extremity; that is to 
say, moTO at twice the 
speed of that of the inner 
edge, A. Now, as the 
resistance of the air is 
proportionate to the 
square of the speed, the 
result is that the in- 
terior extremity, A, 
moving less quickly, will 
be subjected to a lesser 
resistance from the air, 
and therefore will be 
less "sustained" by the 
air than extremity B. 
Consequently, wJMe 
ttiming, the aeroplane 
m/ust incline itself more 
and more towards the 
centre of the circle which 



it describes^ as the radius of the twm is decreased. 

We can confirm this by means of figures, and in a very 
simple manner. If the speed of the outer wing is 20 metres 
per second, that of the inner wing, in the example we have 
taken, will be only 10 metres. The lifting efforts will there- 
fore be no longer equal, but will be between them in the pro- 
portion of the square of 20 with the square of 10 — that is, in 
a proportion of 400 to 100. It may be seen, therefore, to 
what degree the equilibrium will be destroyed. It is true that 
an aeroplane may never have to make so '' sharp " a turn, 
but we have selected an extreme example purposely. Such 
always exists, so lateral incline must be guarded against 
absolutely while turning. 
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This natural incline, howeyer, has its advantage ; it counter- 
acts cmiifrifikgal force appreciably. The latter is unavoidable in 
any curvilinear movement, and is of greater moment in the 
aeroplane inasmuch as its surfEtce of lateral resistance is 
weaker. Major P. Renard actually proved that inclination of 
the aeroplane was essential to combat centrifugal effect. This 
inclination lowers the trajectory. Therefore, aviators should 
rise slightly before making a ''turn/' if subsequently they 
desire to maintain their altitude. 

PRACTICAL MEANS OF PREVENTING LATERAL 
INCLINE : '* AILERONS/' PARTITIONS, WARPING 

At all events, it is indispensable to keep the carrying sur&ce 
as horizontal as possible throughout the trajectory, whether it 
be rectilinear or curvilinear. Several means may be utilised 
to this end. 

First of all, there is a very simple one, which I am surprised 
at not having seen used experimentally, or at least tried, since 
it seems very feasible to me. Since '' lateral inclination '* is a 
result of unequal resistances on the two extremities, why not 
equalise these resistances ? We cannot prevent speeds from 
being unequal while turning, but we can vary the supporting 
surfetces inversely ; we can increase the surface at the '' inner 
point " A (Fig. 55), and decrease it at the outer point B. For 
this purpose it would suffice to fit to the extremity of the 
wings, varying surfaces, either arranged in the form of a fan 
and able to fold up in the same manner as a bird's wings, or of 
sliding ribs, one withdrawing a certain distance beneath the 
extremity of the outer wing, and the other projecting to twice 
that distance from the extremity of the inner wing. The 
surfeuse of the inner wing which dips would thus be increased, 
while simultaneously that of the outer wing which rises would 
be decreased, and it would reduce the d^erenoe from the 
thrusts — ^that is, the cause of the inclination. These two 
movements could be produced automatically by a simultaneous 
movement of the steering rudder. 

The celebrated American aviators, Wilbur and Orville Wright, 
have adopted another arrangement — '' warping of the wings." 
The foUowii]^ explains in a few words how this is done. 
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The extreme angles of their aeroplane can be turned up or 
down (Fig. 56) just like the '' oomer *' of a visiting card. As 
the Wright aeroplane is a '' biplane/' wooden battens disposed 
one above the other lift up the comers at the same time, 
so that when a comer of the upper wing is lowered the corre- 
sponding comer of the lower wing is depressed also. The 
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Fia. 56. The Wright prinoiple of warping the wings 

^e WMrp§d oomert strike th§ oir^ the retistanoe of vhieh depreuet the uptwmed 

eomer, and devotes the lowered earner 

action is controlled by a manoeuvring lever pushed or pulled 
by the aviator, and when the comers on the left are forced 
down those on the right are forced upwards, and vice versa. 
Under these conditions, it is easy to see how this arrangement 
enables lateral inclination to be overcome. A turn is made, 
and the aeroplane has a tendency to incline inwards ; but the 
aviator immediately manoeuvring his lever, lowers the comers 
on the inside of the turn and elevates those on the outer 
edge. And then, as is shown in the diagram, the effect 
of the air on the comers thus offered to its action rights the 
apparatus. 

M. L. Bl^riot, the French aviator, evolved and adopted on 
his aeroplanes some time ago — ^long before the arrangements 
of the Wright Brothers had become known — a very reliable 
system, quite as ingenious and far simpler, which does not 
require the wings to be deformed by warping. There is 
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at each extremity of the fixed wings of his aeroplane, a small 
subsidiary moving wing, '' Aileron " (Fig. 57), capable of being 
inclined in relation to the surfEtoe of the wing by moving 
upon a horizontal axis. When turning the aileron on the 
inside is lowered while 
the outer aileron is 
ridsed. The effect is 
the same as warping 
the wings, but this 
arrangement has the 
advantage of not bring- 
ing about any elastic 
deformation of the 

frame,which, unavoid- ^^ ^^ gj^^^,, correotiDg ailerons 

able through warpmg, 

must meVltably end aOer^m. a^ detnUci th4i depreised wiUron 




in endangering the 

essential solidity of the structure. Many vessels of the 
ATUoinette type are fitted with this arrangement, which is 

excellent firom all points 
of view. 

These various arrange- 
ments for righting are 
governed by the aviator. 
Therefore it is necessary 
for him to bring about 
the readjustment of the 
apparatus ; to perform a 
special movement, com- 
pleting that which he 
makes in steering to right 
or left when manoeuvring 
the machine by the rtldder. 




Fio. 58. The Voisin pertitioniiig syftem 
Thi verUedl $wrface$ oppote " dr^ '* 



But search has been made for an automatic halancer indepen- 
dent of the helmsman, but brought into play by the aeroplane 
itself. This solution has been offered in a simple manner by 
the Voisin Brothers, the French constructors who built the 
aeroplanes made famous by the exploits of the aviators 
Farman, Delegrange, and Bougier. The arrangement employed 
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by them is ''partitioning'' (Fig. 58) and applies to multiplane 
aeroplanes. It comprises the introduction of rigid vertical 
partitions between the two parallel carrying surfiBtces. These 
partitions, owing to the resistance they offer to the air, 
oppose any deviation arising from centrifugal force, so 
that lateral inclination is practically eliminated. The 
aviator, owing to this principle of construction, no longer has 
to trouble about his equilibrium : he only has to think of 
steering. Let us remark, in passing, that although it is 
true that the auxiliary surfaces of the partitions add a 
little weight to the apparatus, they do not increase, at 
least to any significant degree, its resistance to advance, 
inasmuch as they cut the eir with their edges, and are set 
in the direction of travel. Although this system does no 
more than make the machine a little heavier, this is a distinct 
drawback to present-day aviation. Hence there is a tendency 
to revert more and more to the idlerons or to warping. In 
the latest French biplanes the partitioning is abandoned in 
favour of ailerons. 

Lastly, there is '* artificial '* balancing obtained by the 
stabilisating mechanism bringing into action forces other than 
the resistance of the air« This type of balancer is the 
ffyroseope. 

Every one knows those toys — " gyroscopical tops " — which 
once started at full speed maintain their balance on a point 
or on a thread, appearing to defy all the laws of gravity and 
equilibrium. These gyroscopes, discs with a heavy periphery, 
have the important mechanical quality of being caused to 
deviate only from the plane in which they are rotating with 
great difficulty and at the expense of a very great effort. 
The extent of the latter to bring about deviation becomes 
greater as the turning mass is increased, and its speed 
augmented. If, therefore, a gyroscope is mounted on an 
aeroplane and its rapid rotary movement is maintained by a 
motor, an effort is necessary to change the rotating plane 
forming part of the frame of the aerial vehicle, and one may 
hope thus to obtain lateral stability in an automatic manner. 
Theoretically this idea is excellent. In practice it is another 
matter. 
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In the first place, a gyroscope when constructed on a large 
scale becomes a very dangerous apparatus. Let it escape 
jErom one of the bearings in which the points of its axis 
reyolve and it becomes a destructiye projectile both of men 
and everything else. Serious accidents have happened 
already from this cause. In the second place, in order to be 
efficient, it must be fairly weighty, and in the matter of 
aviation, weight b a very vital factor* 

Then — and here is the greatest theoretical objection which 
can be urged against its use — ^it might, if it worked efficiently, 
compromise the| solidity of the light framework constituting 
the aeroplane. In fetct, what causes the aeroplane to incline, 
is the effort resulting from the action of air resistance bearing 
upon all parts of its long surface, whereas the gyroscope only 
acts at one single point of its framework. It is, therefore, 
supposing this means of balancing to be efficient, as if one of 
the points of the aeroplane were pinched in a vice and 
an inclining effort exercised upon the rest of the fabric. 
What would happen then? Twisting would occur which 
might jeopardise the solidity of the structure. For this 
reason, it seems to me that the gyroscope would be dangerous 
if it really acted ; and if it should be inoperative it would be 
a dead weight, useless to haul about in the air. But all 
this is only theory, because experiments alone, frequently 
repeated, will be able to supply us with really reliable data 
on this point. 

Let us add, that the use of a double rudder at the bow 
and stem, moving in opposite directions, has been suggested 
in order to improve balancing. 

So far experiments have not been sufficient to decide 
the practical value of this arrangement. Another means of 
automatic balancing, evolved and tried a short while ago, 
comprised automatic variation of the ** angle of attack '' by 
articulating the whole of the carrying wing around a horizontal 
axis. This wing is held in its normal position by a powerful 
spiral spring which resists the pressure of the air when 
the aeroplane is travelling at the required speed, but which 
succumbs to this thrust, if the speed increases suddenly, 
by diminishing the angle of attack. Experience will show 
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what this ingenious conception is worth. In any case, the 
'' natural " means of balancing are the most rational, because 
they act with effects similar to those of the perturbing forces 
of equilibrium. 

STEERING : THE RUDDER AND ELEVATOR 

As we haye mentioned turning movement, the means by which 
it is accomplished must be indicated — the steering rudder. 

The steering rudder is similar to that used on boats 
and dirigible balloons. It is a light, strong, thin plane, 

turning about a vertical 
axis, operated bya ^'wheel" 
or motor levers, at the will 
of the aviator, who can 
turn it either to the right 
or left The rudder is 
placed as far as posmble 
to the stem of tl^e aero- 
plane, and away from the 
supporting surfaces (Fig. 
59). When it is turned 
to the right or to the lefb, 
Fio. 69. The steering redder the molecules of air, strik- 

3^ a»r <(nibMi^ tJ^ ructcler i2a(20 001009 M« ofro- ing itS SurfaCC in an ob- 

fi^totumintheoppoiUedirecUan jj^^^ manner, exerciso a 

thrust which is all the more efBcient in causing the body 
of the aeroplane to swerve, since it is placed at the end of a 
long lever. It is for this reason that the rudder is placed 
invariably at the rear end of the empennage taiL When it 
is desired to travel in a straight line, the steering rudder 
is brought back to the central position ; that is to say, to the 
longitudinal axis of the apparatus, and the air no longer 
acting upon its surface, no horizontal deviation results. 

The steering rudder can be efficient only if the aeroplane 
present a '* lateral resistance to drift.'' An aeroplane with no 
opposing surface to a transverse movement, will not answer 
the helm. Hence, there must be a lateral surface, if repre- 
sented only by the " hull '' of the skiff. From this point of 
view, therefore, partitioned aeroplanes are really superior. 
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The elevator is a similar device, but moving about a 
horizontal axis, causes the aeroplane to deviate, not to the left 
or right, but upwards, or downwards ; in other words, compels 
it to ascend or descend. Its operation is explained in the 
same manner as that of the steering rudder. This invention 
has been attributed to the Wright Brothers, but I believe 
erroneously, as Colonel Renard applied it to his airship La 
France in 1885, as is testified by the official documents 
published at that time, which contain a full description of the 
arrangement and also the explanation of its operation. 

The elevator may be placed either at the bow or stem of the 
aeroplane: each disposition has its advocates and opponents. 
The Wright Brothers have placed it at the bow, and as people 
" went a trifle mad " on everything associated with their name, 
it was concluded to be '' imperative " to carry the elevator in 
front. But Messrs. Esnault-Pelterie,B16riot, and the constructors 
of the AfUainette aeroplane, to cite only these gentlemen, instal 
it at the stem. 

LAUNCHING THE AEROPLANE 

Every one knows that principle of reasoning, extensively 
used in geometry, which commences, '' Let us suppose the 
problem as solved." 

Present industry offers us a variety of machines which, if I 
dare so to express myself, '' can only go when they are already 
going." There is, for instance, the explosion motor, which must 
be *' started up " with all one's might to set it in operation so 
that it may attain its normal speed. 

The aeroplane is a new example of this method of procedure. 
The conditions of equilibrium suppose its being in flight: 
stationary, it remains on the ground. Therefore it must receive 
an initial impulse, which '* launches " it into the atmosphere, 
and imparts to it that speed which, owing to the molecules 
of air gliding under its oblique wings, first lift and then 
sustain it. 

There are two ways of carrying out the launch. One may 
seek to endow the aeroplane with self-starting means. On the 
contrary, it may be launched artificially with the help of 
a contrivance remaining at its point of departure. Such 
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launching is easy, but the apparatus, if it lands, cannot restart ; 
it must return to a point equipped with launching apparatus, 
under penalty of being condemned to rise no more into 
the air. 

French constructors and aviators courageously accepted the 
hard conditions which an aeroplane must fulfil to be ** self- 
starting,"and all French aviation apparatuses leave the ground 
under their own power. For this purpose they are mounted on 
a carriage fitted with bicycle wheels. This carriage must be as 
light and as strong as possible, since at the moment of landing 
it has to withstand the shock produced as it alights upon the 
ground, however much this may be lessened through the skill 
of the aviator. Then it is an additional load, varying from 50 
to 80 kilogrammes, which any aviation apparatus desirous of 
launching itself without outside help must carry. 

But there is another extra weight imposed under this condi- 
tion. This is the v/tcrease in motor pdwer necessary to start by a 
run along the ground, under the impulse of the propeller screw 
attacking the molecules of air. First the inertia of the motionless 
apparatus must be overcome, and for this the motor must give a 
'' pull against the collar .** This effort causes the aeroplane to run 
ing 1 g,omi. with U«»«,« sp«a, uatU tt. uW i. .uffl- 
cient to bring about the lifting of the apparatus by the action of 
the air striking on the under part of the wings. Once the appa- 
ratus is in the air, but little effort is needed to sustain and propel 
it. However, it entails the transport of a motor, heavier than 
is really necessary, but the extra energy of which is indispensable 
for starting purposes. This additional weight, in conjunction 
with that of the carriage, compels ** self-starting " aviation 
apparatuses to carry an excess of weight which may vary from 
100 to 150 kilogrammes. 

The conditions governing " artificial *' launching such as 
is practised by the Wright Brothers are quite different. Freed 
from the severe forgoing handicap, the American aviators 
have requisitioned the fall of a weight to obtain the effort 
necessary to start their apparatus. To avoid any extra weight, 
even that represented by the wheeled carriage, they glide 
their aeroplane along a '' rail." 

The launching weight idea is ingenious and effective, as it 
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must impart to the aeroplane an increasing speed. Now the 
falling speed of a weight increases exactly in proportion with 
time ; this is the first law concerning the fall of bodies. 
Consequently, this weight, in its fall, by a rope and return pulley 
system, draws the aeroplane along, and consequently imparts a 
speed which increases steadily. Belieyed of the extra weight of 
100 kilogrammes at least required for '* self-starting," the aero- 
plane thus launched can use an ordinary automobile motor, only 
a little heavier than the racing types, but working more steadily, 
instead of the extra light motors used in French aeroplanes, 
wherein everything being sacrificed to lightness, there may be 
defects sometimes, especially in regard to endurance. Thus 
the American aviators are placed in a better position, and have 
been able to accomplish feats which possibly otherwise they 
might not have achieved with the same facility ; such flights, 
however, are limited, inasmuch as they must land near their 
launching apparatus for fear of being rendered powerless and 
prevented from re-starting. 

^ THE DESCENT 

When the aeroplane is in steady flight, when it is travelling 
at its "regulating speed," everything works normally — 
sustentation, advance, steering — ^in the manner we have 
explwied. But the motor may stop, either through the 
aviator, or accidentally. Let us see now what will occur. 

By virtue of its acquired speed, the aeroplane continues to 
advance ; but, propulsion failing, the retarding resistance of the 
air will be felt more and more, and its speed will be diminished. 
Tet it must maintain the latter, but, having a motor no longer, 
it can only do so by descending in an oblique manner towards 
the earth. Here its weight will serve as the motor ; by its aid 
the machine can be brought to the ground as gently as the 
aviator desires. In the descent, moreover, the steering-rudder 
will permit the landing-point to be chosen, and the apparatus 
will settle quietly. Thus, theoretically at least, an aeroplane 
effects a ''descent," but never a "fall." This descending 
operation is effected readily by French aviators, who have 
become expert therein. It is needless to say that the greatest 
presence of mind is necessary to conduct an aviation apparatus; 
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distraction may proye fatal. With presence of mind and skill 
in manoeuyring, " a motor failure " is no longer dangerous to 
the aviator ; it merely interrupts his journey. 

Many persons ask aviators why they do not equip their 
'' heavier-than-air " apparatuses with parachutes. But the 
foregoing statements will show that thLs requirement is met 
fully. It is useless to fit a parachute to an apparatus which in 
itself is a most perfect parachute. 

Next we will study the practical arrangements of an 
aeroplane destined to fulfil everyday service, possessing 
qualities of safety, solidity, and speed. 



CHAPTER III 

AEROPLANE CONSTRUCTION 

Wings and nebves: Motobs and propellers: 
Sapbty : Wind and the aviator : Is it necessary 

TO FLY HIQH? 

i 

CARRYING SURFACES : THE " POWER OF 

PENETRATION " 

Supposing the aeroplane to be provided with a motor and a 
propeller as perfect as possible (we shall go further into the 
question of these two factors), its essential organ is the sustain- 
ing or carrying surface. This area is called sometiines the 
" spread of planes/' and the carrying surfaces are known also as 
'' wings." We have seen that there is an advantage in making 
them slightly concave on the under side. Moreover, they must 
be placed transverse to the line of travel, whether in a straight 
line or a very widely opened V. The carrying surface is formed 
of cloth stretched over a light and strong wooden frame. The 
same india-rubber fabric as serves for the construction of 
dirigible envelopes is used often. 

But all framework is formed of members which have a 
certain thickness. These offer to the wind a resisting surface. 
Accordingly, above all things' the latter must be reduced to the 
minimum ; or, in other words, the *' power of penetration " of 
the apparatus must be the maximum. It is preferable to 
have a heavy piece, representing a heavier load to be lifted and 
sustained, so long as its shape relative to the resistance which 
the air will bring to bear upon it, is well thought out. 

Accordingly it will be advantageous to give the sections of 

the parts cutting the molecules of air fish-shaped profiles, with 

the larger end foremost (Fig. 60)« These lines are followed in 

sections of the wings of several existing aviation apparatuses. 
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The wing framework is pisoiform in section and the panels of 
cloth are stretched on either side of this skeleton. 

For this reason it will be essential to avoid too many stretched 
wires, ropes, manoeuvring cords extending to the exterior, and 
cross-pieces; and if it is remembered that biplanes cannot 
dispense with the latter, being necessary for connecting the 

supporting surfaces together, 
it will be seen how immense 
is the superiority of the 
monoplane over the biplane, 
at least from the air-resist- 
ance point of view. The latter 
«_ ^ «. ,* ^ -_x i^ their various forms, in 

Fig. 60. PiBcifonn flection of wings . . ^, ^-. . . ^ 

particular those of voism and 
Wright, offer to the air very needless resistance to advance, 
since only the carrying surfaces are efficient. For high speeds, 
which are the aim of aviation, I would be tempted therefore 
to believe in a much more brilliant future for monoplanes ; 
those of Esnault-Pelterie and Bl^riot, and the ArUoinette aero- 
plane already represent * more than promises ; their early 
exploits permit one to hope for still more remarkable results. 
Apart from the transverse sections, there are the nature and 
character of the sustidning surfaces to be considered. The 
fabric for the wings must be stretched upon the framework of 
the wings with the greatest care ; seams, knots, heads of nails 
must not project in any way. It is imperative that the surfaces 
should represent, so far as possible, their geometrical definition, 
be of absolute continuity and regularity, and the fetbric, stretched 
to the maximum, must be varnished also in an extremely 
careful manner. It is these conditions, difficult to fulfil, which 
render the construction of varying value, accordinfi^ as to how 
it is turned out with more or less *' finish." It is perfection of 
workmanship which is responsible for the relatively high price 
of the present aeroplane ; it is how the French constructors, 
who have carried it to the utmost limit, have acquired a repu- 
tation which gives them a superiority equivalent to an absolute 
monopoly. 
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MOTORS EMPLOYED IN AVIATION 

Aeroplane motors must be light, and only the explosion 
motor, working with the combustion of a mixture of air and 
petrol gas, fulfils the indispensable reduction in weight So far 
back as 1884 Colonel Benard showed that if the weight of the 
motor, everything included, were reduced to 5 kilogramijaes per 
horse-power, one could realise dynamical sustentation and 
achieve ordinary aviation. The Colonel's previsions have been 
fulfilled, and even surpassed to-day, as the motor with a weight 
of 2 kilogrammes per horse-power is a concrete fact. In reg^urd 
to the mechanical equipment, we are provided for the conquest 
of the air. 

Nevertheless, too much must not be sacrificed to lightness. 
The motor, if one really wishes to '' travel," must be strong and 
reliable. It must not be liable to heat up too much, since that 
demands elaborate cooling facilities. In short only a sufficient 
supply of water should be carried, which, passing through a 
radiator of large surface, is cooled quickly and completely : all 
this increases the weight to be lifted, and augments the weight 
per horse-power of the motor employed. 

How can this essential lightness of the motor be realised ? 
Two different methods may be practised to secure this end. 
First there is weight-reduction by the selection of materials. 
To-day there are steels of marvellous strength, which allow 
cylinders to be manufactured with walls of insignificant thick- 
ness ; for example, the barrels of our hunting rifles, which, with 
pyroxylised powders, resist enormous pressures and yet are not 
a millimetre thick at Xhe muzzle. Hence, it is possible to have 
material both strong and light. A second means of obtaining 
weight-reduction is to dispense with all useless mechanism ; 
from this point of view the " aviation motors " of the Antoinette 
make, those of M. Esnault-Felterie, M. Renault, and even others, 
are absolutely remarkable. In particular, the design of the 
Esnault-Pelterie motor, having several cranks working upon 
the same shaft, and actuated by piston-rods disposed in a radial 
manner, has secured a considerable diminution in weight. A 
single cam ensures the working of the valves. 

The " Gnome " rotary motor has achieved great fame in its 

I 
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latest applications, purely on account of the simplicity of its 
mechanism and the reliability of its running. Furthermore, 
an ei^ine based upon a totally new principle, dispensiz^ com- 
pletely with cranks and connecting-rods, has be^i invented 
by Fodor, a Hungarian engineer. The system is simple, 
strong, and reliable. It secures an appreciable reduction in 
weight, and also an increased compactness owing to the 
suppression of the articulated system. It is a decided step 
towards the ''explosion turbine" which still remains to be 
evolved. 

The latter will be invented ; its realisation is essential to the 
future of aviation because the shocks, inevitable vibrations 
arising from the oscillating movement of pistons in motors 
working on the cycle principle, as are used in aeroplanes and 
dirigibles to-day, impose strains upon the frame, and appreci- 
ably fatigue the joints in the structure. Moreover, these 
vibrations are transmitted to the suspension and stretched steel 
wires, reducing their str^igth, and in the event of a combined 
effect might bring about even a rupture through the same 
cause which has produced so many accidents to suspension 
bridges. 

The rotary motor, of which the '' turbine " is the ideal, has 
the advantage of eliminating all these shocks. Will it be 
possible to design this engine to work by the explosion of 
a gaseous mixture as it can operate with steam? It is 
impossible to say. But at any rate constructors must turn 
their attention henceforth to this question. 

If lightness is the paramount condition which the motor 
must fulfil, it is imperative that strength and reliability in 
working be not sacrOiced. With the successful realisation of 
this last condition, it will be possible— it will be advisable even 
— to reduce the weight of the motor more and more, as 
absolute safety will only be secured when it is possible to instal 
ttoo motors on a given aeroplane, each developing su£B[cient 
power to sustain and to propel the apparatus. Then the ** break- 
down," the terrible motor failure, which inevitably brings about 
the descent, if not the fall, of the aviator, will be feared no 
longer. If one of the motors should £Bdl, the othet, already 
running, could be speeded up; and as each one would be 
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designed to endure sustentation, a fall would no longer be 
dreaded. The great progress that has been made in motors 
for some time past permits us to believe that tUs hope will 
beoome a reality at no distant date. 

THE PROPELLER : SCREWS 

The only propeller used in aviation (except with omithopter 
apparatus) is the screw. We have explained its general 
properties in speaking of dirigible balloons ; we have defined 
its '' pitch /' as well as the ** slip,** resulting from its working in 
the air. 

But we must revert to the subject somewhat in speaking of 
its application to aviation apparatuses. 

At present we are not very well supplied with really 
reliable data concerning aerial screws ; the excellent works 
of Colonel Renard have elucidated the question without 
solving many individual points. Experiment alone can furnish 
data as to the practical value of a screw. But in such 
research operations it works ** at a fixed pointt" that is to say, 
moves upon an immovable dynamometer^ which gauges its 
mechanical effort. This data is not absolutely sufiicient, as in 
aerial operation a screw does not fiimish the same useful 
effect as when working at a fixed point. Yet such data is 
necessary, and therefore, above all, tractive experiments by 
means of a dynamometer with each screw must be made. 

Once this result has been obtained, a serious question of 
vital importance will arise, since, according as to how it is 
settled in one direction or the other, there will result 
aviation apparatuses presenting features and qualities widely 
dissimilar. This question is : Should the screw be of small 
diameter, and revolve at high speed, or, on the contrary, 
should it be very large, and turn ** slowly '' ? 

These two ways of planning the propdler have given birth 
to ** two screw-propeller schooW' Both solutions have been 
tested. Large screws were the first to be used, especially on 
dirigibles, and in particular on those of Giffard, Dupuy de 
L6me, and Renard. This condition, moreover, was compulsory 
at the onset, owing to the slow speed of the motors employed. 
But when the explosion motor, with its very high speeds of 
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revolution, entered aeronautioal practice, prefdrences changed, 
and there was a rush on small screws turning very rapidly. 
There was a fear that the actual rotating speed of the motor 
would be '' reduced," and it was desired to govern the screw 
directly by the engine by mounting it direct upon the shaft 
of the latter. Thus we see the Lebaudy dirigibles, the Voisin 
machines, the immense airship of Count Zeppelin, fitted with 
small screws running at a speed ranging from 1000 to 1500 
revolutions per minute. 

The appearance of the VUU-de-Fart$ and Bayard-CUment 
airships, fitted with large screws running at from 300 to 400 
revolutions only, and especially die remarkable performances 
of the Wright aeroplane, the two screws of which rotated at 
a fairly low speed, served to support those who maintain very 
justly that the emplojrment of large diameter screws is more 
advantageous. To-day there seems a more general tendency 
in the direction of screws of greater diameter and revolving 
less rapidly. 

Anodier question, quite as important, is as to whether ons or 
two aorews should be used. 

In principle, two screws, one running to the rights and the 
other to the left, thus revolving in opposite directions, are 
preferable in every way. In fact, with one screw only, the 
aeroplane tends to swing in the direction of its rotation, and 
its great surface alone prevents this deviation from becoming 
serious. 

With screws of opposite pitch and direction, these two 
effects become neutralised, the one tending to bring the 
aeroplane to the right, and the other to the left. The motive 
effort is then quite symmetrical. 

, But the use of two screws may in certain instances present 
a great danger, and for the following reason. Let us suppose 
an aeroplane provided with two screws (Fig. 61 A) driven by 
identical motors, or by equal transmission of the energy from 
a single motor. Each has a turning effect following its axis, 
and as they are placed symmetrically with regard to the centre of 
the supporting surface, the resulting propelling effort is steadily 
applied at one point of the symmetrical plane of the vrhcle 
contrivance. But if one of the two screws — the right, for in- 
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stance — ^for some reason should cease to act (Fig. 6 1 B), either 
through a fracture or failure of the engine which drives it» the 
aeroplane is instantly subjected to the action of one propeller 
alone— the left one. This movement is eccentric, llie 
apparatus is subjected to a propelling effort which in itself is 
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Fio. 61. Propulsion of an aeroplane by two screws 
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eccentric, and it tends to assume an oblique direction. The 
machine assumes the position too quickly for the aviator to 
correct it in time by means of the rudders, and a fall may be 
the result. This was, unfortunately, what happened with one 
of the Wright aeroplanes. Orville Wright, having on board 
an officer of the American army. Lieutenant Selfridge, was a 
victim to this contingency. The aeroplane fell, the officer was 
killed, Orville Wright had an arm broken, and had to rest 
for two long months. 

From the point of view of safety, the use of a single screw 
is, therefore, much preferable. If it is absolutely desired to 
use twot it is essential that the disconnection or stoppage of 
one should arrest the motion of the other, and that by autamatie 
means, as» for instance, the transmission of the power through 
a single chain. Under these circumstances, in the event of 
failure in propulsion the aeroplane would be in the plight of an 
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ordinary ** breakdown/' and in its forced descent could make a 
** glide " through the air; 

Lastly, one more doubt might arise in the mind of the con- 
structor : should the screw or screws be placed at the bow or 
stem 7 In other words, should one have screws which ** draw " 
or screws which ** drive " ? Opinions and practice are divided. 
In the French machines such as those of B16riot and Latham 
the single screw is at the prow. In the Farman aeroplane, it is 
at the stem of the carrying surfaces. The Wright Brothers 
have adopted this arrangement for their two screws, which are 
" driving propellers." All these aeroplanes have shown different 
qualities, but such as are incontestable. It is therefore im- 
possible to declare off-hand in favour of one or the other, and 
the position of the screw will depend upon the wing-spread, the 
empennage, and more or less upon the long leverage of the 
latter. 

THE "BODY'' OF THE AEROPLANE 

There is, also, one part of the aviation apparatus which we 
have neglected up to now, but which is nevertheless indispens- 
able. This is the *'body '' which plays tho part of the car of the 
dirigible, that is to say the space designed to carry the motor, 
the propeller, and the aviator, the '' brains of tho machine.*' 

The ''body'' represents the serviceable part of the aero- 
plane, since it carries the travellers ; but it has dimensions, and 
these cannot be avoided, however small the design may be. 
Therefore it will present to the air a resisting surface, which must 
be taken into consideration. 

In the Wright Brothers' aeroplanes there is no '* body." It 
is reduced to that of the aviator, sitting over empty space on a 
latticed seat, with the feet resting upon a cross-bar. Tbia is an 
arrangement possible with operators as clever, as " artistic," as 
masters of their nerves, as Wilbur and Orville Wright, but in my 
opinion it is an arrangement to be condemned absolutely. 
Aviation is already a sufficiently daring form of aerial travel 
without increasing the risk, by decreasing the conditions ot 
safety. Practical aeroplanes of real value, such as those of 
B16riot, Voisin, Farman, &c. ... all have a ** body ** serving 
as accommodation for the aviator and the machinery. 

This body, being compulsory, it is necessary to utilise it to 
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the best advantage for the balance of the maohine. First of 
all, we must give it, undoubtedly, the shape of the body of a 
bird or fish, with the large end to the front. Under these con- 
ditions, and if the framework is carefully covered with fabric 
tightly stretched and very smooth, its resistance to advance will 
be reduced to the minimum. This body, moreover, will serve 
a useful purpose ; it will increase the lateral resistance, that is 
to say, oppose ** drift " and the action of centrifugal force when 
turning. 

Thus planned, the shape of an aeroplane becomes closely 
allied to that of a soaring bird. The action of the air upon 
the various parts of this " body," however, must be studied 
carefully as r^ards stability in the direction of travel, and 
here it is that Colonel Benard's work must be borne in mind. 
More than ever (as we have already said) the empennage is here 
indispensable to secure the safety of the apparatus, 

AEROPLANES AND SPEED : AEROPLANES OF 

THE FUTURE 

The real great advantage of aeroplanes in their application 
to aerial travel is speed. In all triiJs wherein somewhat pro- 
longed flights have been accomplished, it has been seen that the 
present speed of aviation apparatuses is at least 60 to 70 kilo- 
metres per hour. In Farman's now historical journey from 
Rheims to Ch&lons on his French-built (Yoisin) aerophme, not 
only did the daring aviator achieve the first ** aerial journey " 
worthy of the name, leaving a field of experiments to pass over 
villages and forests* but he even made it at a speed of 78 kilo- 
metres per hour. Again, recently, the speed of 105 kilo- 
metres an hour, exceptional it is true, was attained. No 
dirigible, at least at present, can equal such a performance, and 
the speed record in the matter of aerial navigation consequently 
belongs to the aeroplane. 

Can this speed be increased ? 

Not only eon it be increased, but it must be increased, if it 
is intended to make really practical use of aviation. At an 
important conference held at the French Society of Aerial 
Navigation in December 1908, the engineer, M. Soreau, a 
former pupil of the Ecole Polytechnique, dealt with this 
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question in his highly competent manner. He selected for his 
purpose a '' family "* of aeroplanes of the type constructed by 
the Yoisin Brothers. Supposing all to be provided with motors 
giving the same weight per horse-power, propellers having the 
same output, and wings having the same co-efficient of efficiency 
he showed that the maximum useful weight would be obtained 
with an aeroplane having dimensions only 10 per cent, heavier 
than the existing aeroplane. But its speed must be tripled, 
that is to say must reach the figure of 180 to 200 hUovMtres 
per hour. Ilien the ** useful " weight would reach one ton. 

But, when our '* artificial birds " shall have realised such 
speeds, when they can carry such weights, it will be possible 
no longer to be content with this construction of slender 
framework, a marvel of lightness, certainly, but lacking solidity. 
It will be necessary to make all its component parts very strong, 
to enable them to resist even the greatest strains to which they 
may be submitted. Let us cite here M. Soreau's important 
conclusions : " aeroplanes of large carrying capacity will have to 
be very stoutly built, not much larger than at present, at least 
for the next few years to come, but their speed will have to be 
double or treble that in vogue to-day. Now, for these new 
machines we shall be forced to employ other materials. It will 
be necessary in particular to attend to the reduction of their 
resistance to advance ; in short it will not suffice to be content 
with constructing aeroplanes based strictly upon existing lines. 
These new apparatuses, so soon as they shall have been perfected 
and have received the sovereign sanction of experience, thus 
will become the first aeroplanes of a new family/' and so on. 

Hence aviation apparatuses will be perfected by *' evolu- 
tion,'' which is the case in nearly all the great developments 
realised in physical science or applied mechanics. 

What must be remembered in these conclusions of one of 
the cleverest aero-mechanics of to-day is that before long» even 
very shortly, we shall see general speeds of 200 kilometres per 
hour. Truly then it will be possible to say that " distance no 
longer exists." Moreover, we may say that these high speeds 
are necessary. Painful accidents have occurred only too fre- 
quently owing to the aerial eddies overturning the apparatuses 
flying through the air. If the speed is very groat, the power 
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imparted to the machine, which increases as the square of the 
speed, will render it insensible to the slight fluctuations in the 
atmospheric currents, and it will pass through the eddies as 
the h^h-speed torpedo boats of to-day steam through the 
waves, or as the projectile whistles through the air, indi£Ferent 
to the caprices of adverse currents. 

WIND AND AEROPLANES 

What we have said regarding the action of the wind upon 
dirigibles applies equally well to aviation apparatus ; ** Wind 
does not prevail for the aeroplane which moves in the ainuh 
sphere. It is as if this atmosphere were immovable. Wind only 
exists on account of the aviator changing position vti rdation to 
the grcfwnd beneath.** 

Consequently, we shall have to consider the same values in 
aviation as in aeronautics. If the independent speed of the 
aeroplane is less than that of the wind, it will be able to 
approach only the points of the space contained within a 
certain ^* approachable angle." If its independent speed 
equals that of the wind it will be able to approach any point to 
leeward of the line perpendicular to the direction of the wind 
at its point of departure. Lastly, if its independent speed is 
greater than that of the wind, it will be able to go anywhere. 
In all cases, its speed is governed by that of the wind in regard to 
resulting movement. Iq an extreme case when it flies with a 
dead following wind its travelling speed, with regard to a fixed 
guiding-mark taken on land, is eqiuJ to the sum of the speeds 
of the wind and of the aeroplane. It equals their difference if 
the aviator navigates against a ** head wind.*' As to-day a speed 
of 78 kUometres per hour is possible, it is evident that, at present, 
an aeroplane can set out around Paris on an average 362 days 
out of 366; when a speed of 160 kilometres per hour is 
reached, it will be possible '' to start out every day.'* 

I insist most particularly upon this notion, as it is often 
distorted or acquired in an incorrect manner. For instance^ if 
an aeroplane is travelling in an easterly direction in a south 
wind of 20 kilometres per hour at an independent speed of 60 
kilometres per hour (Fig. 62) it will navigate effectively with a 
speed of 60 kilometres per hour ; but the " section of atmo- 
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sphere '* in whioh it will have effected these 60 kilometres will 
be displaced 20 kilometres towards the north, owing to the 
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effect of the southerly wind. Thus the aeroplane will have 
followed an oblique trajectory, represented by the diagonal of 




Fia. 6S. Wind and the aeroplane : actual and relative routes respectively 
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the parallelogram constructed with the help of two speeds — 
its own independent speed and that of the wind. 

This conception may be ** materialised ** even, so to speak, 
in the following manner. Let us imagine an enormous aerostat, 
formed of a perfectly impermeable envelope, and TnaintaJning 
its equilibrium high in tlie air (Fig. 63). We will suppose 
that this balloon has dimensions sufficiently large i^ an aero- 
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plane to be able to desoribe evolutions in its interior atmosphere. 
This atmosphere will be sheltered completely from the aotion of 
the outer wind» since it is endosed in an air-proof envelope ; 
the aeroplane will therefore manoeuvre in still air, and will go 
from A to B, but during the time it will take to acoomplish this 
journey, the whole biJloon will have been transported by the 
outer wind from (1) to (2). Certainly the aeroplane will arrive 
dulyatpointB»but this point Bwillhave been transported without 
the aviator being aware of the fact to B^ ; so that he will have no 
longer below him the part of the terrestrial surfsce which was 
below point B, but really that which is below point B^. Now 
let us imagine the envelope which isolated the interior atmo- 
sphere of the aerostat to be removed ; nothing is changed in 
the general conditions, but we can thus understand the true 
road, AB^, of the aeroplane. 

HEIGHT AT WHICH IT IS ADVISABLE TO FLY : 

SAFETY 

The height to ^i^ch it is advisable to rise to practise 
aviation is connected intimately with the conditions of safety 
laid down by the aviator. 

At first sight it may be imagined that it is essential to 
decrease the risks of accident by navigating very closely to 
the ground; to sweep closely to the earth like swallows 
because, it may be thought that '' if one fall, one will fall 
from a lesser height." 

This reasoning is admissible for risks entirely ** experi- 
mental " ; when one is not quite sure of the stability of the 
apparatus in which one is to ascend. But once this apparatus 
has been tested, and once the efficiency of its equilibrium 
has been ascertained, then it is necessary to avoid too close 
a proximity to the ground, and to navigate at a certain 
height, say, at about 100 metres. 

As a matter of fact, let us consider what takes place in the 
immediate neighbourhood of the ground (Fig. 64). The 
moving molecules of the air, the horizontal displacement of 
which constitutes the wind, are forced, when brought into 
immediate contact with the terrestrial surface, to follow all 
its superficial variations and to become d^eoted by its 
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projections. The gaseous molecules dius follow, approximately, 
the imdulations of the ground, in at one time an ascending, 
and at another moment a descending path» and if their speed 
is of little consequence, that is to say, if the prevailing wind 
is not very intense, these inflections of the currents of air 
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cause *' ascending winds'' and ''descending winds,'' as is 
illustrated in Fig. 64. 

Now the aeroplane is so designed that the currents of air 
are met horizontally by its wings, and not so as to be struck 
in an oblique manner. These vertical winds therefore will 
be capable of ** twisting " the aeroplane round, and so placing 
it that in its £Edl it will no longer meet the air by its extended 
surface, but with its side, lliis will bring about a sudden 
descent, in other words, certain death to the aviator* 

These atmospherical fluctuations disappear in proportion as 
one rises into the air, and at a certain height, as is shown in 
our sketch, the strata of air becomes steady and flows in a 
horizontal manner, being quidLened solely by those '*un- 
dulatory movements " so ingeniously described by M. Soreau. 
It will be only at these altitudes that the aviator will be sure 
to find the normal laws of the atmosphere ; it will be at these 
heights that he will have to fly if he will desire his aeroplane 
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always to be '' under the beet conditions '* for whioh its various 
elements will have been calculated. Lastly, it will be from 
where, in the event of a breakdown to his motor, he will be 
able to make the ** glide ** through tlie air, which, with a 
soaring flight, will carry him safely to the ground ; whereas 
he will not be able to ^ect such if he be caught in a current 
of ascending air which will capsize his aeroplane and infallibly 
precipitate a £gJ1. This descending glide will be effected with 
the greater safety inasmuch as it will commence higher above 
the ground, and also because the aviator will be able better 
to select his landing-point. 

In the early days of aviation, it was often asked if the 
highest altitudes would not be impossible to the aeroplane ; if 
the greatly rarefied oxygen would be insufficient to bring 
about the combustion of the gaseous mixture, the explosion 
of whioh supplies the requisite energy; and whether the 
carrying mr/ace could be supported owing to resistance from 
a thinner atmosphere. Would these conditions be sufficient 
to assure the sustentation of an aeroplane which would possess 
sufficient stability no longer? In the case of average 
altitudes (between 100 and 1000 metres) easily accessible to 
the aeroplane such objections do not exist. At a height of 
100 metres, the supporting power of an aeroplane's wings is 
not reduced, owing to the density of the air being diminished 
by no more than ^ of its value at ground level. In 
r^^ard to the highest altitudes, demonstration has dispelled 
triumphantly apprehensions on this point, for aviators have 
already reached extreme altitudes. The French aviator 
Paulhan, at Los Angeles, U.SA., in 1910, rose to a height of 
1260 metres; Latham, on July 7, 1910, mounted to 1384 
metres; on July 30 OEesloegers notched 1524 metres; and 
a Belgian aviator, 1>^ck, on August 1, 1910, gained a height of 
1700 metres. But the two record-breakers in height are Morane, 
with 2521 metres and Chavez with 2646 metres! On 
September 20, 1910, the last-named succeeded in crossing 
the Alps, from Brigue to Domodossola, over the crest of the 
Simplon. 

The question of safety is connected closely with that of 
landing, and the latter is, as may be easily understood, of 
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the greatest importance to the aviator undertaking an 
journey. ''It is not all skittles, I must get out of this," 
said La Fontaine's fox. It is not only flying : one must regain 
the ground, and return thereto without breaking one's bones. 

Now, calculation, and calculation based upon experi- 
mental data, shows that for a given aeroplane, there is a 
minimum motive power necessary to obtain the ''governing 
speed/' So soon as a motive power exceeding the minimum 
is brought into play, two results and, consequently, two 
speeds are possible. Thus, if we have a motor the power 
of which exceeds the mimimum speed by 4 per cent., the 
two speeds will in one case be 18-lOOths in excess, and in 
the other 17-lOOths less than the governing speed, accord- 
ing to the inclination of the wings. If the motive power 
exceeds the minimum power by 16 per cent, the two possible 
speeds are, the one a third in excess of the necessary speed, 
the other one-quMrter less, according as to whether tl^ wings 
are inclined more or less by the action of the elevator. 

Thus, since it is possible, by means of a slight excess of 
power, to have two speeds at disposal, it will be possible, as 
M. Soreau remarks, to use the greater for the "travelling 
speed" of the aeroplane, and the lesser one for landing, 
which thus will be effected without danger, for when the 
apparatus has approached closely to the ground, the fall caused 
by the excessive inclination of the wings will be deadened 
i^preciably by the " mattress of air " interposed between the 
ground and the supporting surfaces. It is when alighting 
that the mechanical absorbers, upon which the wheels of the 
launching carriage are mounted, become indispensable. 
Undoubtedly, the landing of heavy aeroplanes will require 
elaborate precautions, and will demand extreme cleverness 
and presence of mind on the part of the aerial pilot. 

How do accidents happen ? From two different causes — 
the sudden stoppage of the motor, or the breakage of one of 
the essential elements of the aeroplane. This last possibility 
scarcely can be admitted, since, if the aeroplane has been 
well designed and carefuUy constructed with first-class mate- 
rials, the strength of which has been thoroughly determmed ; 
if, moreover, all parts of the apparatus have been examined 
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carefoUy before each ascent, and the mounting, connection, and 
assemblage have been inspected in detail, when built, the un- 
expected breakage of any essential part shatdd not develop. But, 
you will say, there are the road accidents ? No, not in aviation ; 
for on the '' highway of the air " there are neither shocks, 
bumpings, nor collisions to be feared, at least not at present ; 
this road is wider than those which traverse the earth in all 
directions, and there is not only more room to pass one 
another horizontally, but it is also possible to keep clear of 
other machines ** above or below." Moreover, our aerial roads 
are not overcrowded, at present. Again, the governing speeds 
not varying very much, the movements of the different con- 
trolling mechanisms are not subjected to appreciable fluctuation. 

There remains motor failure ; but we have pointed out, in 
speaking about explosion engines used in aviation, that their 
continuous development will bring about the desired 
reduction in weight. Very soon, therefore, we shall have 
motors at our disposal, the weight of which will be reduced 
sufficiently for it to be possible to carry two engines weighing 
no more than, and each of the power of, the single existing 
motor ; that is to say, either will be sufficient to sustain and 
to propel the aeroplane. Under these conditions, together 
with a device automatically setting the second motor in motion 
in the event of sudden stoppage of the first, engine failure 
will be feared no longer. 

In any case, should this occur, it would be dangerous only 
over towns, where descent would be hazardous, if not fraught 
with danger, or above forests, owing to the trees, which would 
injure passengers possibly and prove disastrous to the wings. 
There, is, however, one part of '* the terrestrial globe " which 
offers danger — descent on vmter. Undoubtedly, the large 
surface of the wings can prevent the apparatus foundering 
immediately, but the aviator, pinned under the planes and 
« entangled" in the wings, might not be able to disengage 
liimself without difficulty. It will be advisable to provide 
aeroplanes, intended for long journeys, with special safety 
contrivances, in view of a descent upon water. 

''Accidents" will happen. Undoubtedly, daring pioneers 
in the air will forfeit their lives in the desire to score 
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another victory over the forces of Nature. But have not all 
the conquests of human genius — ^navigation, railways, the 
motor-car, even current industry — been effected at the cost of 
heavy sacrifices ! And are not the *' accidents ** of daily 
life as formidable as those to be feared in the new method 
of locomotion, which will be attended, however, with less 
serious results, because, reputably more dangerous^ it will be 
practised with greater care ? 



OTHER FORMS OF AVIATION : HELICOPTERS AND 

ORNITHOPTERS 

At the commencement of this study of aviation, we said there 
were three types of apparatus '' heavier than air." We have 
investigated in detail those which have given the most 
practical results so far — ^aeroplanes. It now remains for us 
to speak about the other two. 

The first is helicopters, that is to say, apparatuses which hold 
themselves in the air, not through the vertical component of 
air thrust upon a moving surface, like kites, but by the direct 
sustaining effort of a screw, having horizontal blades, revolving 
about a vertical axis, and driven by the motor. 

It was the helicopter which first haunted the brains of aviators. 
As far back as 1852 Ponton d'Am6court and de la Landelle, 
buoyed up by the enthusiasm of Nadar, the celebrated photo- 
grapher, by Press campaigns, conferences, &c., maintained that 
the future of the " heavier than air " machine would be by 
means of the screw — the " sacred screw," as it was called by 
Ponton d'Am^court. Their scientific support was Babinet, a 
member of the Academy of Sciences, and he it was who evolved 
the name "helicopter" to baptize the apparatus which he 
thought would realise the absolute conquest of the air. 

What gave weight to the assertions of these tireless apostles 
was the popular success of flying toys, real miniature helicop- 
ters. These ascend with the greatest ease, either through the 
effort of twisted india-rubber, or from impetus imparted by 
uncoiling a string, and appear to defy gravity and to point to 
the '' highway of the air." 

Intellects were fired ; oontroversies became furious ; a study 
was made of the manner in which the screws should be 
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arranged. To avoid the rotary movement which a single 
screw imparted to the body of the apparatus, a vertical '* resist- 
ing plane " had been introduced into certain types of this toy, 
wUch opposed itself to the rotation of the whole. The danger 
of this plane was soon grasped, as, remaining nearly vertical, 
it offered too considerable a purchase to the wind. The funda- 
mental point in the construction of helicopters was recognised, 
therefore, to be the simultaneous use of two screws turning in 
opposite directions about vertical axes. In this manner the 
effects of torsion, due to each of the two propellers, were equal 
and contrary. In other words, they destroyed one another, 
whilst their lifting efforts were combined. An automotor 
helicopter was constructed on this principle by Dr. Hureau de 
Villeneuve. There was a small steam-engine, driving two 
inverse screws revolving in opposite directions about the same 
vertical axis. All helicopters realised or planned hitherto 
comprised the use of an even number of screws of contrary pitch, 
revolving in opposite directions to one another. 

Experiments were made with helicopters, but with little 
success. Why, is known to-day. The motors used were too 
heavy, and the intimate scientific discussion of the problem 
by mathematicians discouraged investigators from embarking 
on these lines for a long while. Then Colonel Benard tackled 
the question, which, as usual, he elucidated in his works on 
sustaining screws. 

In a commimication which he made to the Academy of 
Sciences at the end of the year 1903, Colonel Benard gave 
the results of his long researches, carried out at Chalais-Meudon, 
with screws employed for lifting a certain weight directly from 
the ground — ^that is to say, with '* sustaining screws." He had 
demonstrated already that aerial navigation by aeroplanes 
would be possible when the weight of the motor was reduced 
to 5 kilos per horse-power. Devoting his remarks to the 
helicopter, the learned Colonel showed that the maximum 
weight which the screws of this apparatus would be able to lift 
would increase inversely to the sixth power of the weight per 
horse-power of the motor employed. This result strongly 
encouraged helicopter inventors, but we must reckon not with 
theoretical * limit" loads, which it would be impossible to 
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exceed, but with the real loads oompatiUe with the resistance 
itself of the screws. Under these conditions a really trans- 
portable load limit is obtained quickly, and these loads are 
lighter for the helicopter than the aeroplane. Hence the 
enthusiasm manifested in this apparatus is distinctly explic- 
able. 

In 1904, Colonel Renard even suggested sustaining screws 
of 2*60 metres diameter, of perfect resistance, and not liable 

to distortion under the effect 
of thrust, although their total 
weight was very smalL He 
obtained this result by intro- 
ducing a universal joint which 
permitted the screw-shaft to 
assume the resultant direc- 
tion of the various efforts 
bearing simultaneously upon 
it 

Amoi^st the various dis- 
positions proposed for heli- 
copters, there is one conceived 
and constructed by Engineer 
linger, under the auspices 
of H.S.H. Prince Albert of 
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Monaco. Its principle is shown in lig. 26. The two screws 
of contrary pitch, turning in opposite directions, are mounted 
upon two concentric axes. Each axis being vertical, lifts the 
car ; but» if the axis is inclined, as shown in the figure, an 
oblique movement through the atmosphere must result. The 
apparatus has been tested at Monaco, and the vertical elevation 
of an experimenter has been effected. 

A composite solution, of which Ck>lonel Benard himself had 
thought, has been proposed. It is an apparatus which would 
be a helicopter for lifting itself from the ground, and would 
become an aeroplane once in the air. Such a solution, if it 
were ever practicable, would solve an acute problem, since the 
great disadvantage of aeroplanes is the necessary " launching " 
space. So long as there is level ground, or even broad roads, 
ascent is quite a simple task. But in wooded or mountainous 
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country an aeroplane haYing landed, cannot re-start, whereas 
if it had a screw and rerticd axis, which would lift it perpen- 
dicularly, departure would be easy, and once raised into the 
air, the apparatus would have the advantages of an aeroplane. 
It is to be hoped that serious investigations will be made in this 
direction ; success will constitute a great development, and 
perhaps even the future of aviation. The '' gyroplane," which 
we describe later, is a decided step in this direction. 

OmithopUrs, those apparatuses with " flapping *' wings, seeking 
to imitate exactly the process of lifting and sustentation which 
characterises the flight of birds, have been tested less than 
helicopters. The difficulties of construction are so much greater, 
and the vibrations and shocks to which their framework is 
subjected cannot fail to tell on the joints. Despite these diffi- 
culties, a Belgian aviating engineer, H. Adh^mar de la Hault, 
has devised an amit?iopter, which we illustrate. In the latest 
experiments, this apparatus was able to rise slightly and to leave 
the ground for a moment, but an accident to one of its parts 
intenrupted the trials, which are to be resumed later. 

COMPOSITE SOLUTION : SOARING BALLOONS : 

OAPAZZA'S LENTICULAR 

There remains another composite solution for us to mention. 
This does not consist of a combination of two systems of aviation, 
but a balloon and a soaring arrangement. It is an attempt 
recalling those sailing-vessels known as '^ auxiliary-engined " 
craft, often used in trade and pleasure navigation. 

Its inventor, M. Capazza, a French aeronaut with the finest 
'* aerial " career (he was, in fact, the first aeronaut to cross the 
Mediterranean from Marseilles to Corsica, and in a balloon, 
which has not yet been repeated), designed an immense 
aeroplane, but with its sustaining plane lighter than air. He 
uses a balloon, not of the ordinary spherical or pisciform shape, 
but having the flat form of a lentil. This lentil, however, is 
not symmetrical, as regards its centre ; it is not a ** surface of 
revolution." Its greater thickness is brought to the bow, so 
that, cut in the direction of its axis, its section is that of a fish 
(Fig. 68). A longitudinal empennage forms, above and under 
this envelope, a kind of aileron, a ** keel " which contributes to 
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stability, which is increased still more bj an horizontal empen- 
na^e at the stem. The whole of the stem of this lentil, thinned 
to its back edge, in reality constitates a marTellous natural 
empennage. 

The total capacity of this envelope is 15,000 cubic metres, 
and it is reinforced internally by metallic cirolee. These 
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support B oar in which are three motors of 120 horse-power 
each, driving three screw-propellers. The weight of the car 
is carried below the 




greatest thickness of the 
balloon, t.e.,well forward 
of the oentre, as shown 
in the diagram. The 
interior metallic hoops 
distribute the load orer 
the whole sur&oe of the 
envelope. 

At first sight the 
apparatus works like a dirigible: but, on account of the 
flat and non-symmetrical shape of the envelope, it possesses 
additional properties. Let us im^^ne a movement of ascent 
or descent being imparted to it. The apparatus will become 
inclined immediately, as the two areas, that of the bow and 
that of the stem, viH be pressed unequally by the air ; the 
back area oiSers a greater reuatanoe to ascent or descent than 
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the front. If, for instance^ the movement is ascending, the 
stem will be depressed, the bow will rise up, and the vertical 
ascensional movement will be transformed into an oblique 
displacing movement towards the bow. The screws will add 
their propelling action to what is thus obtained, and will help, 
according to the expression of artillerymen, to ^' flatten the 
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Fio. 68. Plan of Oapaua's lenticolar balloon 

trajectory." The direction of the balloon will become the 
more horizonal as its independent speed will be increased. 

Now let us suppose that at a given moment the total weight 
of the apparatus, envelope, car, motors, passengers, and cargo, 
for some reason or another, exceeds the weight of air 
displaced, say either because the lenticular balloon in rising 
has gone beyond its zone of equilibrium on account of its 
acquired speed, or because physically the inner gas has 
contracted, and which the ballonnet idll have replaced with 
air : the balloon will tend to descend immediately, but an 
inverse phenomenon will occur. The greater surfsice of the 
stem will lift, and the tetlloon will become inclined ; it 
will descend, but in gliding in an oblique manner upon the 
molecules of air in the manner of an aeroplane, will utilise 
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this descending moyement to progress horizontally. This 
effect will be added to the speed imparted by the screws, the 
propelling force of which will thus be increased by successiYe 
ascents and descents. 

Such is this ingenious, curious apparatus, which is so 
original in its conception, and which it would have been 
impossible to let pass without saying a few words. It would 
be very interesting to see it realised, for, apart from the 
services which it would render as an airship, it might become 
a veritable experimental laboratory for everything concerning 
aviation. 



CHAPTER IV 
DESCRIPTION OF SOME AEROPLANES 

L BIPLANES 
Fbsnch and Amxbican design : Ths Voisin and 

WfiiaHT ASBOPLANBS : COMPABISON OF THEIR EFFI- 
OIBNCIES AND DISADVANTAQBS 

THE VOISIN AEROPLANES 

Wi will now proceed to describe, somewhat more in detail^ 
the various types of aeroplanes; at aU events, those which 
have accomplished brilliant flights, and consequently have 
demonstrated their efficiency. And it is necessary, in all 
fjEdmess, to begin with the/excellent aeroplanes, swift and 
sure, built by the Voisin Brothers, the eminent French con- 
structors, l^eir name, as a matter of fact, is inseparable from 
those of the daring spirits, who, in France, opened the 
highway through the air by their magnificent achievements : 
I mean Messrs. Henri Farman, Delagrange, Rougier, &c. The 
details given in the preceding chapters ^dU enable the reader 
to appreciate and to compare better the different machines 
which we will now describe in turn. 

We will mention first the original Voisin machines. These 
apparatuses, in a way, are historical, as they were the first 
aviation appliances in Europe. The present craft do not differ 
from their ''prototypes'' except in modifications of detail, 
and reference to the illustrations will help to reveal these 
divergences. 

The Voisin aeroplanes of the original type belong to the 
'' cellular *' biplane dass. Between the two parallel supporting 
sur£Bu>es which constitute the wings or planes are verticid walls, 
formed of fabric stretched over the cross members, designed 
to oppose lateral deviation and to maintain automatically the 
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equilibrium of the aeroplane when turning. The general 
arrangement of this system is shown in Fig. 30. In the 
recent Voisin biplanes the builders have suppressed the 
vertical walls. 

The desiim combines strength and liehtness. The wings 

braced ashwood frame. The spread of the wings is 10*20 
metres ; depth 2 metres ; and of the '' stays/' which vertically 
maintain the distance between the two supporting surfaces, 
1'50 metres. These surfaces are slightly curved, the concave 
face being presented towards the earth. When the apparatus 
is in flight, the *' chord " of the arc formed by the profile of 
the wings makes an angle varying from 6 to 8 degrees with 
the horizontal The surface of this plane is about 40 square 
metres. 

The whole of the supporting surCetces, called the '^central 
cell," has a balancing apparatus or " empennage," formed 
of a ''rear box" which also follows the form of a biplane, 
of less spread than the central cell — 3 metres long only, by 
the same depth of 2 metres, spaced 1*50 metres apart, 
and curved like those of the principal planes. This rear cell 
or ''tail" is placed 4 metres behind the central cell, and 
between its two surfaces is placed a plane moving about 
a vertical axis which constitutes the rudder. The superficies 
of this rear cell is thus 12 square metres, which brings 
the total area of the planes to 62 square metres. The 
''body" of the aeroplane is a wooden framework with cut- 
water or wedge-shaped ends covered with carefully stretched 
canvas. Its greatest width is 75 centimetres; length 
4 metres. The aviator's seat is so placed that when he 
is seated the centre of gravity is at a point which extends 
vertically 25 centimetres from Uie front edge of the supporting 
surface (edge of attack); in front of the seat are placed 
the wheel and the pedals controlling the rudders. 

This body carries the elevator composed of two surfaces 
projecting on either side of the prow and moving upon a 
common horizontal axis. The shape is plane-convex, the 
plane being turned always towards the earth, and the convex 
side to the sky. 
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The ei^ind is an eight-cylinder *^ Antoinette " motor 
developing 40-50 horse-power; it has eight cylinders^ and 
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Fig. 69. The Voisin aeroplane (Delagrange type) 

weighs 80 kilogrammes. It is so moulted upon the body 
that its centre of gravity is a trifle forward of the rear 
edge of the carrying surfaces. 

The screw-propeller has two blades; it is placed astern 
of the central cell. It is built up mainly of steel tubes 
covered with sheet aluminium. Its diameter is 2 metres^ 
it is coupled direct, without any reducing gear, upon the motor 
shaft, and nms at a speed of 1050 revolutions per minute. 
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The vhole is carried apon a irhaebd carriage boilt of 



tubular steel haTing four 



ic-tyred bicyole vheels. 




yi«f9fL, ItM ToUin uro^ane (H. Finnan's tjpe) 
Those in front which directly support the oeutral cell and 
motor are of SO centimetres diameter; the rear are of 30 
centimetres diameter. The total weight of the apparattu 
together with the aTiator ia 630 kil(^ammes. 

Such is the simple and solid aeroplane with which Henri 
Farman demonstrated the {nrowess of which we spoke in 
relating the history of aTialion. This aeroplane has undei- 
gtaa some modifications; its pilot fitted at the front a third 
surface above the first two, thus converting it into a 
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''triplane'*^; but the enthusiastic aviator seems to have 
renounced this adjunct, and to have reverted apparently to 
his original biplane. This machine attained a speed of 79 
kilometres per hour in the journey from Ch&lons to Bheims, 
covered at an average height of 40 metres (27 kilometres 
in 20 minutes). 

The Voisin aeroplane steered by Delagrange in his early 
flights (Fig. 70) vividly recalls the Farman aeroplane in its broad 
lines, whidi is not surprising, seeing that it came from the 
workshops of the same constructor. The only difference is 
a space of 8 metres between the central cell and the rear 
balancing celL 

Having given the details of the Henri Farman aeroplane, 
the diagram explains itself sufficiently ; otherwise farther details 
of the Delagrange aeroplane may have been necessary. Its 
total surface is 60 square metres, and it has attained, with a 
50-horse-power Antoinette motor, and a screw of 2*10 metres, 
a speed of 70 kilometres per hour. Its total weight is 450 kilo- 
grammes. Since the first flights of H. Farman and Delagrange, 
accomplished in 1908, and which already appear so long ago— 
the ad vance has been so great as to be a huge stride — the Voisin 
Brothers no longer trouble about their achievements and 
victories. Their machines represent one of the most stable and 
most reliable *' heavier than air '' apparatuses in aerial naviga- 
tion. We will refer to their latest triumphs later on. 

THE WBIGHT BROTHERS* AEROPLANE 

We have shown a remarkable aero-biplane of French con- 
struction which fulfils automatic stability, be it longitudinal or 
lateraL Let us now give, in some detsdl, a description of the 
fjBkmous aeroplane which created widespread enthusiasm during 
the summer of 1908, and the prowess with which (we are apt to 
forget, perhaps a little too quickly, this attribute of the French 
aviators) would seem to show decidedly the " path through the 
air." In short, we will compare the American aeroplane with 
those which we have already described. 

The machine, evolved by the brothers Wilbur and Orville 
Wright, in its earliest form is, like the Voisin aeroplanes, a 
biplane, with an elevator in front and a rudder at the stem. 
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Its main feature is the absence of a fixed balanoer. The 
" foundation," that is to say the total length of the system 
longitudinally, is 9 metres. The two surfaces of the biplane 
have a spread of 12*50 metres each, by 2 metres breadth. 
The fabric of which they are made is stretched to the utmost 
upon two wooden frames formed of two longitudinal members 
strengthened by a series of transverse pieces. Each of the 
latter is doubled, and formed of two incurved laths, which are 
kept taut by wedges at the stem. This latter, very fine, very 
thbi, extends to the rear part of the wings a certain elasticity, 
a sufficient suppleness, to fEicilitate the '' warping," by which 
means the celebrated American aviator secures the lateral 
stability of his aerial vehicle. Steel wires stretched diagonally 
assure the indeformability of the wings. The fabric is riveted 
to the front edge of the plane members ; at the back, to secure 
the finest possible finish, the edges are sewn together. The two 
planes are 1*80 metres (6 feet) apart, and this spacing is secured 
by vertical bracings, some of which are rigid and others articu- 
lated. Those of the centre, by means of diagonal supports, 
constitute indeformable parallelopipeds, in such a way that 
those of the extremities, fixed to the wings by screw rings, are 
able, through the articulation, to submit to warping which will 
deform the extremity slightly. 

The planes rest upon two skids which form a kind of sleigh, 
because — ^it may be necessary to point out at once— the 
apparatus of the Brothers Wright is not self -starting : there is 
no wheeled carriage to give it the impetus to rise. 

Launching is artificial, and requires an extraneous force. 
The skates constitute the part of the apparatus which is 
brought into contact with the earth in landing. Further- 
more, they are curved, like those of sleighs which travel 
over ice. 

The skids form also the '* foundation " of the aeroplane. 
At the front they carry the elevator, and at the stem the rudder. 
The Brothers Wright have adopted an elevator very similar to 
that laid out by Colonel Renard, which he used for the first time 
on La France in 1885. They have set it in such a manner that 
its concavity may be varied as desired by the pilot in synchrony 
with the movements which he may have to give to the aero- 
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plane. The inolination of this rudder is controlled by a lever 
which the pilot holds in his lefb hand. 

The rudder, comprising two vertical planes, is fitted at the 
stem. As the principal biplane is not divided into compart- 
ments, and there is no cellular balancer, the action of the 
rudder would be futile, and turning impossible, if the inventors 
had not disposed, between the two surges of the elevator, two 
small vertical planes which help to support the whole system 
when turning, and to enable the rudder to move efficiently to 
turn the aeroplane. The two planes of which the rudder is 
composed are 1*80 metres high, 60 centimetres in breadth, and 
are spaced 50 centimetres apart. The rudder is operated by a 
second lever^ having double articulation, held in the right hand 
of the aviator. 

Thus, the pilot seated on the edge of the under frame (the 
Wright aeroplane has no body), his feet upon an open foot-rest, 
as is plainly shown in the photograph (Plate XXXU.), holds a 
lever in each hand. With the left hand he inclines the elevator 
as desired to cause his apparatus to ascend or to descend: 
with the right hand according to whether he pushes the lever 
backwards or forwards he makes his machine turn to the right 
or left. But, in addition, he can give this latter lever an inde- 
pendent sideways movement, whereby he warps the wings at 
wilL We will see by what means. 

Fig. 72 shows in detail the whole mechanism for warping the 
wings, when he moves the lever L^ on the left-hand side of his 
seat A, placed between this lever I^and the inclination leverL In 
the case of the diagram we suppose that the lever P was pushed 
towards the left as shown by the curved arrow. Instantly the 
square bent-end m, which answers this movement, is turned 
also to the left and pulls in the direction [of the arrows the 
controlling wires which are on its right. It thus depresses the 
right-hand rear comer of the upper supporting surfetce. This 
comer in depressing also pushes downwards the rear right-hand 
comer of the lower plane by means of a rigid and articulated 
member, which maintains tiie distance between the two planes. 
This right-hand rear comer in depression pulls the cord, which 
is on its left, in the direction indicated by the arrows, and 
through intermediate pulleys raises the rear left-hand comer 
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of the lover aupportmg Btir&oe. The latter io thia operation 
nuses by means of the spacing member betireen the planes the 
left-hand comer of the upper plane, and so is obtained the 
varjong which will cause the aeroplane to turn to the left. In 
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pushing the lever Ii^ towards the right, the warpng action ie 
reversed and tends to incline the aeroplane towuds the r^ht. 
The same lever L^ ooDtroIling also the rudder by its mdvement 
to and fro, compensates through the play of the latter the 
insular rotations which might produce warping. The total 
depresdon of the extremities of the wings by the warping 
action is about 1 foot (30 centimetres). 
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A cursory glance at these two levers the aviator holds in 
either hand shows what prodigious aary-froid^ what absence of 
nerves is neoessary-^a fcdse movement, a turn or an inclination 
in this aeroplane, having no ^^body," no forward cells or 
empennage, would bring about most terrible accidents. We 
had a striking example of this on May 6, 1909, in the alarm- 
ing mishap which just failed to cut short the life of the Italian 
Lieutenant Caldera, one of Wilbur Wright's pupils, who was 
thrown to the ground by his immanageable apparatus capsizing. 
Also one may state incontrovertibly that undoubtedly it is 
Wilbur Wright himself, or an aviator of the calibre of Comte 
de Lambert, his most expert pupil, who constitutes by his 
presence at the helm the greatest part of the value of his 
aeroplane. 

Let us turn to the mechanical installation. The engine is a 
4-cylinder petrol motor developing 25 horse-power. It runs at 
a speed of 1400 revolutions per minute and its weight is from 
96 to 100 kilogrammes. Set a little to the right of the aviator » 
its weight balances the former when in his seat, which is on 
the left. 

Propulsion is obtained by means of two screws of the same 
pitch and of the same diameter, but running inversely. They 
are of wood, with a diameter of 2*60 metres; they run in 
opposite directions, making 400 revolutions per minute. Owing 
to a convenient reducing gear, chains transmit the power from 
the motor to the propeller shafts. We have pointed out the 
danger of such an arrangement as this, which, in the event of 
one of the screws breaking, leaves the other revolving, and 
submits the aeroplane to an eccentric movement causing it to 
capsize. Wilbur Wright, since the accident which befell his 
brother and in which the American Lieutenant SelMdge was 
killed has, it appears, modified this dangerous system. 

In order to start the Wright aeroplane a rail and 'pylon are 
necessary. The rail upon which glides a roller-carriage support- 
ing the aeroplane is 70 feet (21 metres) long. It is hdd on 
the ground and faces the wind. The ridl is connected to the 
** pylon," a kind of pyramid framework, to the top of which 
is hoisted a weight of 800 kilogrammes and held in position 
by a trigger. In fallii^ this weight releases a cord, which 
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through an arrangement of pulleys hauls the aeroplane along 
the rail with increasing speed, since the yelocil^ of a falling 
bodj is proportionate to the extent of its drop, which explains 
the unifonnly accelerated movement. 

This means of launching is ingenious, but it deprives the 
American s3rBtem of much of its practical value. It is a pretty 
demonstration apparatus ; a remarkable device for experimental 
mechanics. But the Brothers Wright must renounce this 
launching "rail/' and fit their apparatus with faciUties to 
permit it to set out wnaided and under its own means, t.e., 
they must strive to evolve a new model equipped with a 
wheeled chassis instead of skates. 

The Wright apparatus moreover is rather dangerous because 
balancing, as much when travelling directly ahead as when 
turning, must always be secured by the aid of the aviator. 
On the other hand, in aeroplanes of French construction, as 
much in biplanes as in the excellent monoplanes, the aviator 
is concerned only with lateral stability, longitudinal sta- 
bility being ensured by means of the empennage. This also 
explains the difficulty Uie American aviator has experienced in 
training his pupils. It is true he has taught some how to 
manipulate his **bird"; but this instaruction, commenced at 
the Auvours camp during the month of August 1908, lasted 
Offer iffoen months, and it was not until March 18, 1909, that the 
American aviator dared to permit his pupils to manage their 
apparatuses themselves for the first time. Even the insistency 
with which it was announced that the pupils had flown " alone " 
at last sufficed to show the difficulty of the task. On the 
contrary the French aeroplanes are so stable in construction, 
that four or five lessons suffice to render an aviator capable of 
operating them with safety. 

Nevertheless the Brothers Wright are entitled to consider- 
able praise. They have perfected one important point in 
aviation, that of la^ral equilibrium by the ingenious solution 
of war{nng the wings. They have given also a striking 
example of perseverance, fDr they built every part themselves, 
including their motor. Moreover, by their enthusiasm they 
have shown the true path which must be followed by as- 
piring aviators. They served their " bird apprenticeship '* by 
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practising, at first, straight flight — ^numerous '' glides '* carried 
out with aeroplanes withoat a motor. Thanks to these glides they 
were able to discover, step by step, the arrangements necessary 
to obtain the best sustentation and the minimum resistance. 

But, after all, they were preceded by Chanute in America, 
and by Otto lilienthal in Germany. In France aviators con- 
ceived a brilliant solution which secures lateral equilibrium as 
surely as by warping of the wings — the use of *' ailerons." 

To sum up, the Wright aeroplane in its first form was 
deserving of success, owing to simplicity of arrangements, and 
was able to accomplish some magnificent " records " in height 
and speed. Through not having to carry some 60 or 80 kilo- 
grammes more weighty represented by the wheeled carriage of 
the French aeroplanes, freed from the great motive efibrt 
necessary to start, and consequently the increased motor weight, 
Wilbur Wright has been able to use an ordinary automobile 
engine, possessing greater reliability, and as a result has been 
more in a position to secure the records for altitude and loigth 
of flight. But if the machine has achieved some remarkable 
results, such are greatly attributable to the skill of the pilots, 
such as the Comte de Lambert* The machine as evolved 
originally is not able to efiect a real '' voyage,'' handicapped as 
as it is by the necessity of a launching rail compelling return to 
the pylon to re-start ; if it comes to earth en rou4e it cannot 
rise again. 

This is where B16riot triumphs, for on October 31, 1908, he 
accomplished the first aerial voyage in what may be described 
as a closed circle from Toury to Artenay and back, descending 
twice dwri/ng the journey cmd re-starting vmder his own power^ 
passing over roads, villages, and woods. Such is an '' aerial 
tour " in the fullest sense of the word, and that date, October 31, 
1908, constitutes to my mind an historical date in aviation. 
Since then French aeroplanes have demonstrated their passenger- 
carrying capacity. Their solid constructional features enabled 
them to inaugurate the era of touring through the air. 
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MAUBICE FARMAN'S AEROPLANE : THE BREGUET 

BIPLANE 

M. Maurioe Farman, the brother of the celebrated '* champion 
of the air/' has built an aeroplane on which he has accom- 
plished some fine per- 
formances, the first of 
which type we will de- 
scribe. 

This apparatus, very 
well thought out, is a 
'' biplane." Automatic 
longitudinal stability is 
secured on the general 
French principle with 
a tail balancer (Hg. 73). 

The two similiu:, and 
superimposed carrying 
planes, spaced vertically 
1*50 metres apart, are 
vertically strengthened 
by 8 pairs of ashwood 
uprights. These carry- 
ing planes have a spread 
of 10metresby2 metres 
breadth. Their indi- 
vidual superficies is 
consequently 20 square 
metres, and, the aggre- 
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40 square metres. 

The planes are built up of light and rigid stays upon which 
is stretched^ on both sides, a varnished cotton fabric weighing 
only 85 grammes per square metre. 

These ''wings" are mounted upon a cigar-shaped "body'' 
of rectangular section, in which are placed the pilot's seat, 
motor, and the manoeuvring and steering controls respec- 
tively. The motor and screw are placed behind the 
aviator; the wheel controlling the elevator and rudder, as 
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well as the lever for warping the wings, is set in front of 
him. 

The " balancing tail '* is a '' rear cell " connected to the planes 
forming the '' front cell *' by four long members cross-braced and 
stiffened by tightly stretched steel wire. The rear-cell has a 
spread of 3 metres, by 2 metres breadth, which in view of tha 
fact that it is composed of two planes spaced 1*50 metres apart, 
gives a total surface of 12 square metres. The curvature of 
these two surfaces is calculated in such a way that they act 
slightly as '' carriers " as well as effecting equilibrium. 

The elevator is at the prow. It is a single plane of 
4*90 metres spread, by 90 centimetres width. It is divided 
into two panels, one on either side of the extremi^ of 
the body of the machine. The rudder is formed of a vertical 
plane, moving between the two horizontal surfaces of the 
rear ceU. 

The engine has been specially designed for aeronautical 
purposes by Renault Brothers, the well-known motor-car 
manufacturers. This motor comprises 8 cylinders in two 
series of four, working upon a common shaft: the cylinders, 
in pairSy being arranged in the form of a V, with the shaft 
at the apex of the angle. The cylinders are air-cooled. All 
complete, the motor weighs 178 kilogrammes, and has 
developed, under dynamometer tests, 58 horse-power, which 
gives a weight of 3*100 kilogrammes per horse-power. A 
special reducing gear driven from the motor shiuCt reduces 
the engine speed from 1600 revolutions to 800 revolutions 
per minute at the screw propeller. 

The screw is of wood. It was built by M. Chauvidre, who 
designed the remarkable propeller c^ the Bwyard'CUment. It 
is of the type which its distinguished designer calls ** integral 
screw,'' and measures 2*50 metres in diameter, with a pitch of 
2*50 metres. It is placed immediately astern of the two 
carrying surfaces, the exterior edge of which is slightly indented 
to afford free passage for the revoluti<m of the two blades. 

The whole apparatus is carried upon a wheeled carriage 
which serves for launching and landhig. It is four-wheeled, 
the two under the front cell being of 70 centimetres diameter 
each, while the two under the rear cell are a trifle smaller. 
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Ab the figure shows, the articulated forks upon which these 
wheds are mounted are fitted with absorption springs to allow 
descent without injury to the aeroplane. 

ntted with the Renault motor and carrying the aviator 
weighing 80 kilogranunes, the apparatus has a total weight 
of 528 kilogrammes. At Buc it made some very successful 
attempts at flight which served to demonstrate the actual 
possiUlities of the madune. 

It will be remarked that the cells are not divided into 
compartments. The body of the aeroplane is the only surface 
o|^f)oiBed to lateral drift and giving a falcrum for turning. 

In a more recent Maurice Farman type of aeroplane, the 
aviator has abandoned the American system of warping 
the wings, which fatigues the structure, thereby tending 
towards deformation. He has adopted ** ailerons'* which 
have proved so positive in action, and which have given 
the best results both upon biplanes and monoplanes. The 
rudder is formed of two planes, while the elevator has only 
one plane. The balancing* tail comprises two parallel 
horixc^ttal planes. 

The biplane, built by Henry Farman, and rendered famous 
by Paulhan's triumphant flight from London to Manchester, 
is quite different from the Yoisin type. The illustrations 
thereof are sufficiently explanatory to dispense with a detailed 
description* 

The two carrying surfetces comprise two parallel planes, 
slightly incurved, following the theoretical lines we indicated 
when discussing aeroplane wings. The upper plane is a trifle 
larger than the lower plane. The machine has neither body 
nor vertical partitions. The only surfaces offering resistance 
to lateral movement are those of the aviator himself— or 
those of his passengers — and that of the motor, petrol talik, 
and lastly the surface of the rudder. The '^trim'' of the 
apparatus is secured by means of the ailerons. 

The elevator at the prow comprises a single plane moving 
about a horizontal axis. The rudder at the stem consists 
of a single vertical plane working on a vertical axis, bisected, 
to cany the balancer, which is a single plane. The rear 
cell is suppressed. The machine is driven by a ** Onome ^ 



166 THE CONQUEST OF THE AIR 

motor. The biplane rests upon four wheels. Its total length 
is 10 metres; spread of upper plane 10*50 metres, while 
the lower wing has a spread of only 7 metres. 

Suoh is the notable apparatus with which Daniel Elinet 
established a world's record with a passenger aboard on 
April 8, 1910 (152 kilometres in 2 hours 19 minutes), and 
on which Paulhan flew in a direct line for 300 kilometres 
(London to Manchester, April 28, 1910). 

It appears as if the names of Bl^riot and Farman are 
destined to be associated with *' historical aerial voyages." 

In 1909 B16riot crossed the English Channel, and in 1910 
Paulhan crossed England on a Henry Farman aeroplane, 
winning the Dailtf Mail £10,000 prize. Also, upon a biplane 
of the same type, Paulhan first succeeded in attaining an 
altitude exceecUng 1000 metres at Los Angeles, California, 
n.S.A. Later, Latham rose to 1000 metres upon his 
** Antoinette " monoplane. But since then these records have 
been eclipsed on several occasions. 

The Brtguet biplane, evolved by the well-known construc- 
tional engineer of Douai, is of very special interest. It might 
be described as a '* double monoplane *' in view of the method 
adopted in the disposition and construction of the carrying 
surfaces. As a matter of fact the two planes are connected 
only by a single vertical metal tube. Such causes the apparatus 
to ofier very slight resistance to the air, so that consequently 
the aviator is permitted to attain the high monoplane speeds, 
at the same time securing the greater safety of the biplane. 
Its spread is 12 metres ; breadth of the planes 1*80 metres ; 
total carrying surface 40 square metres; weight of the 
apparatus 580 kilogrammes. 

Longitudinal stability is secured by a tail, the two surfaces 
of which can be inclined as the pilot desires. Stabilisation in 
an air eddy or when making a turn is effected in a dual 
manner: firstly by two ailerons placed between the two 
carrying surfaces ; also by automatic and differential inclina- 
tion, acting upon the upper wings, each of which automatically 
assumes its angle of incidence according to the higher or 
lower speed on the arc of the circle described in turning. 

The framework of the wings is of metal, except those parts 
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subjected to least struns, where wood is used. A single wheel 
with a cardan joint controls all mechanism, and the whole 
system rests upon three wheels. Power is famished from 
a 66 horse-power Renault aviation motor. The propeller has 
three aluminium wings mounted on steel blades; is 
2*60 metres diameter, and makes 900 revolutions per minute. 
M. Louis Br^et, after some excellent flights, ascended 
with a passenger. The maximum weight-lifting capacity 
of this apparatus, consequently, may be estimated at 800 
Idlogrammes. 

The Roger Sommer biplane is, perhaps, the lightest and 
the fnstest biplane of to-day. It only weighs 320 kilo- 
grammes, and can force itself into the air after a run along 
the ground for less than 60 metres. The two carrying plan^ 
have a spread of 10 metres, and their total surface is 31 
square metres. The planes, covered <m both sides by india- 
rubber fabric, are rigid, and lateral equiUbrium is secured by 
ailerons, which, it must be admitted, are becoming more 
extensively adopted in preference to warping the wings. In 
the Sommer biplane the ailerons are controlled by the move- 
ment of the pilot himsel£ 

The apparatus is furnished with a Ghiome motor, a 
Chauviire propeller, a single plane balancing taU, rudder 
at the stem, and is carried on a flexible suspension type 
of four-wheeled carriage, and front skates. It has no body, 
but strange to say the apparatus can ht folded vp, which 
fjEtcilitates transport apprecia1;)ly. This machine executed 
magnificent flights at Douzyt in the Ardennes. 



C3HAPTER V 
DESCRIPTION OF SOME AEROPLANES 

n. MONOPLANES 

The Blsriot, Esnault^Pelterie, akd '^Antoin- 
ette " MONOPLANES : CONSTRUCTION AND OPEBATING 

MECHANISM 

THE BLEBIOT AEROPLANE 

Let us now investigato the oonstruction of the monopUne, 
that is to say, those in which the bird is imitated by only a 
single carrying sur£EU)e instead of two, as in diose already 
described. 

The aeroplanes of the engineer Louis B16riot are deservingly 
famous. They enabled the expert aviator to make the first 
''aerial journey'' in a closed circle with int^mediate 
descents, and to achieve the first transmarine journey between 
France and England on July 25, 1909. Moreover, Louis 
Bl^riot is entitled to a dual distinction; not only did he 
evolve his aeroplane, but he constructed and tested it himself; 
every detail is his own work, and we will show how ii^enious, 
simple, and effective everything is. We will first describe the 
ori^nal type as used on the Touiy-Artenay journey. 

The Bl^ot aeroplane in its general lines recalls a huge bird 
(Fig. 74). The carrying surface, set out in a single plane, is 
divided into two wirigs^ one on either side, and the aviator 
sits between them. The wings have small ** ailerons " at their 
tips, which serve to right the machine when it dips. The 
spread, body and small wings included, is only 9 metres, and 
the carrying surface has a total superficies of 26 square metres, 
the rear comers of the wings being slightly rounded. 

The wings are made of stiff parchment, and are mounted 
upon a framework built of mahogany and poplar. The shape 
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of the wings varies as they extend from the body, but they 
present a concave surfiEtce turned towards the earth through* 
out. The planes attack the air at an angle of 8 d^frees. At 
dieir outer extremitieB are the balancing ^ idlerons " turning 
upon a horizontal axis, and their movement is controlled by 
the aviator by means of a device which we will describe later» 

The wing frames are connected to the aeroplane **body.'^ 
The latter comprises a long spindle forming a '* trussed girder," 
rectangular at the prow, and triangular at the stem. The 
longitudinal members are cross-braced by ashwood struts, 
the whole being further strengthened by tightly stretched 
steel wire* The lattice structure thus obtained is of extra- 
ordinary lightness and solidity. 

At the stem of this slender body is the '' stabilisating empen- 
nage." This is rigid, and the length of the lever at the end 
of which it moves is a guarantee of its efficiency. The elevator 
is carried similarly at the rear extremity of the body. It 
may be pointed out that^ in addition to this main elevator, 
the aviator can use also the two ** ailerons " attached to the 
extremities of the two wiogs. When one is turned upwards 
and the other downwards, the apparatus is restored in case of 
lateral inclination ; both moved in the same direction, they 
give ascent or descent and act in the same manner as the 
elevator. Accordingly in ascending or descending in a 
straight line these two mechanisms can be operated in such 
a manner that their actions are combined. 

Lastly at the extreme rear end of the body is the rudder, 
a rigid plane turning about a vertical axis. The pilot takes 
his seat in a space provided in the body between the two 
wings, having in front the novel lever by means of which the 
whole of the various controlling movements are actuated. 

This unique manoeuvring device of the Bliriot aeroplane is 
one of rare ingenuity and simplicity. It is a lever wnd drwni, 
which we will describe in detail. 

No one will deny the importance of maintaining positively 
and easily the direction of an aviating apparatus. The ex- 
treme mobility of the aeroplane in the atmosphere demands 
that the apparatus should answer to its controlling mechanism 
absolutely, because therein depends, not only the steadiness of 
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the aerUl route follored, but abo the seourity, evtai the Ufe, 
of the aviator. 

We have Been, d propot of the Wright aeroplane, the ineon- 
venifflioe of a multiple lever sjatem. Such is so oomplicated 




[Fig. 74. BUrlol'i fliit moaopluie 



that its matuf^emeut requires prolonged practice, once each 
lever movement performs a definite operaticm. 

M. Bl^ot thought that directly the aeroplane became a 
moving plane in space the most simple devioe for mMntAining 
a direct coarse would be <»ia irhere s centrally placed con- 
neoting-rod, answering a decided action by the aeronaut, would 
communioata the movement of one plane to the other, thus 
causing them to move together. This is the only example 
perfected yet for controlling one moving plane by another. 

The principle of this system is shown in Fig. 74. Close 
examination will show that the aeroplane while travelling in a 
stnught line itself corrects any deviation from stability, what- 
ever inclination the apparatus may assume, and irrespective 
of the number and position of the rudders, so long as the 
latter be correctly connected to the controlling plane. Thus 
in a sii^Ie move, and to any desired extent, the stability of 
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the aerial yesBel may be e£Eeoted. Moreover this can be 
accomplished without depriving the aviator of the control of 
his apparatus or compedling him to maintain that much- 
desired automatic stability, but which, despite some attendant 
advantages, is not free from many dangers. 

With the lever and drum command, the -base of the latter 
acting as the indicator, and turning in any desired direction, 
control is absolutely "^ instinctive/' and the aviator cannot 
possibly make a mistake. Moreover, in combining this con- 
trol with a level such as one uses in photography, the pilot 
can discern immediately which way he must move his lever 
to correct the aeroplane and thus preserve absolutely perfect 
stability while travelling. 

The control is effected by means of a drum connected with 
a control lever having a ball-and-socket coupling, and con- 
sequently able to move in all directions. The drum and lever 
are thus connected together. At the base of die drum all the 
flexible steel wires which actuate the different mechanisms for 
^< governing " the direction of the aeroplane are attached. Tw<^ 
levers are connected to the manoeuvring arm for the simul- 
taneous control of the motor, which must, indeed, work in 
concert with the movements of the elevator for fear of terrible 
accidents, such as loss of speed in ascending, or excessive 
speed in descent. 

The Antoinette 16-cylinder motor of the original machine 
is of 50 horse-power, and has forced petrol, feed. The radiator 
is carried in the tapered body of the vessel The engine drives 
a four-bladed metid screw having a diameter of 2*10 metres, 
by 1*40 metres *^ pitch." This screw is mounted at the front 
of the body ; therefore it ** draws " the aeroplane. 

The whole apparatus rests up<m a wheeled carriage for 
launching, and to ensure descent without shock. This carriage 
has two bicycle wheels placed under the front of the tapered 
body. A third auxiliary wheel near the stem secures balance 
of tiie apparatus when it rests upon the ground. The carriage 
is a built-up rigid cross-braced framework of wood and steel 
tubes. This frame supports a trussed girder which forms the 
body of the aeroplane (Fig. 76), which reposes in quite a springy 
manner upon a pair of parallel coupled wheels turning about 
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Tertical axes. The connection between the carriage proper and 
each of the two wheels is by a collapsible triangle, the centre of 
the wheel forming the apex, a trifle below the principal leg, and 
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Fio. 75. Wheeled carriage of tbe B16iiot aeroplane 

in which the third leg slides in a vertical tube, bearing in its 
movement against the head of a spring fixed to the carriage. 
By this arrangement the whole, although not weighing more 
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Fick 76b. Bitot's improyed monoplane 

than 35 kilogrammes, can absorb a blow of several hundred 
kilogrammes on landing. Fig. 75 shows the side elevation of 
the tapered carriage with the wheeled frame under the front, 
and also the rear wheel. 

Having given the general outlines of this remarkable aero- 
plane, ki^wn as BUriat IX., let us conclude by saying that the 
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total length from end to end is 12 matrea. Its complete 
ipread ia 9 metres; oariTiiig lur&ee 26 square metres; 
weight, inolading aviator and supplies of fiiel, 480 kilo- 
gramme; and its initial speed 70 kilometres per hour. 

BUrwt XI^ suoh as vas used in the Oalus-Dover flight, is of 
more recent desi^ It 
is a monoplane in which 
the ailerons of the 
oarrying suriaoes are 
abandoned in bvourof 
simple warping. The 
ailerons are retained at 
the two extremities of 
the rear stabilisator, 
and form the elevator. 
Tho dimmsions of thin 
new aeroplane are much 
leas than its predeces- 
sors, being — over all, 
length, 8 metres; 
sprMd, 7'20 metres ; 
oarrying sorfitoe, re- 
duced to 12 square 
metres; ai^la of at- 
tack,? d^prees ; wooden 
screw propeller; motor, 
7-oyIinder, 30 horse- 
power, Esnault-Pelterie 
(aE.F.). Under these 
conditions the supporting surface susttuns an effort of 27 
kilogrammes per square metre, but such is the perfection 
of construction that this end is sucoessfnlly achieved. The 
speed of the apparatus is 80 kilometres per hour. 

The SlSrwt modd of 1910 differs from BUriot XI. in that it 
is shorter (6-50 metres), and that the tapered body is covered 
throughout with fabiio. The tail-balanoer resembles a dis- 
tended swallow's tul, and is oonneoted to the axis of the 
•kvatcff, which condsts of two lai^ segments. The rudder is 
also of greater surface. 
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THE ESNAULT-PBLTERIE AEROPLANE 

There is a tendency among monoplane designers to decrease 
the superficies of carrying surfiBtces to avoid increase of 
resistance. This tendency is manifested in one of the most 
remarkable aeroplanes among those which have yet been built, 
that of M. Robert Esnault-Pelterie, which its inventor, borrow- 
ing the three initials of his name, describes under the 
abbreviation "RJ1.P/' This machine was one of the first to be 
constructed in France. 

Among the already important group of French aviators, 
M. Esnaijdt-Pelterie occupies quite a distinct position. Though 
very young he set out on the " path through the air '' as far 
back as 1903, for rumours of the exploits of the Brothers 
Wright, mysteriously held in secret, roused ambitions which 
became resolved into persevering, continued, and rational 
experiments, and led him to success. The young aviator 
(who at that time, however, felt himself to be one of the 
veterans in the art) did not seek anything from anybody. 
Unaided, he conceived, constructed, and tested his aeroplane. 
Moreover, being a practical mechanician, he evolved and made 
every part of a new type of explosion motor. It was novel 
because of its compactness, exceptional lightness, and at the 
same time reliability of action. So in the aviating apparatus 
that he fashioned and brought to success everything bears the 
imprint of his personality — the general lines, construction, 
motor, and even the arrangement of the wheeled launching 
carriage. 

The Esnault-Pelterie aeroplane is a monoplane, dis- 
tinguished by its flexible warping wings, and stem carrying 
sur£Btce fulfilling the function of the elevator. It is fitted 
with a stabilisating empennage, and its carriage is mounted 
upon two wheels '*in tandem," while the tip of each wing 
carries a wheel for contact with the ground. 

The shape of the body of the aeroplane is fusiform. It is built 
up of steel tubes (bicycle tubes), autogenously welded together. 
Moreover, they form a triangular network similar to a 
latticed girder, which assures complete indeformability as 
well as rigidity and strength of the system* 
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The wings have a total spread of 9*60 metres, and their 
design is in accordance with the results of lengthy ex- 
periments carried out by the inventor. Their surface is 
15-75 square metres. As they support the whole weight of the 
appapratuSy which aggregates 420 kilogrammes, this represents 
a proportion of 26*6 kilogrammes per square metre, the 
same, be it noted, as in the new monoplane, BUriot XL The 
wings are of wood, flexible, strong, and light. They are made 
in slips, strengthened lengthwise by steel and aluminium. 
The fabric is stretched over these wings, this being the 
surface offered to the resistant action of the air. Eadi wing is 
stretched underneath by two sets of ropes converging to a 
point beneath the carriage, and by which warping is accom- 
plished. Each of these sets of ropes supports one-fourth of 
the weight of the apparatus. 

When viewed from above the Esnault-Pelterie aeroplane 
strikingly resembles a bird with its fetn-shaped tail formed 
by the spreading of its feathers. The sur&ce thus shown 
(Fig. 76) has a variable inclination at its rear end, thereby 
forming the elevator, under which is placed the well-balanced 
rudder, turning about its vertical axis. The latter, to recall 
marine practice, is what is called a '' compensated " rudder, 
because the axis of rotation passes through its centre instead 
of at one or other of its sides. Under the body is a '' keel,'' 
which secures longitudinal stability. The pilot has his seat 
towards the front of the body of the aeroplane, while the screw is 
at the extreme prow ; therefore it *' draws " the machine through 
the air. The pilot, owing to the tapering of the stern, has 
a clear view of the ground in front as he drives the aeroplane 
along preparatory to launching. 

The steering and manoeuvring control are by means of 
levers and pedals. The manipulation of an aeroplane com- 
prises two operations essentially different, corresponding to 
two requirements widely divergent. There is first assurance 
of stability at starting, and afterwards the maintenance of 
forward direction. For each of these two manoBuvring 
operations M. Esnault-Pelterie has provided a vertical lever. 
Stability itself also comprises two variants ; longitudinal and 
lateral stability respectively. The lever which controls the 
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balanoe has two movementSy one to and £ro» the other £rom 
left to right. For this purpose it is fitted with a uniyersal 
joint, and is set to the left of the aviator. When he 
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FiQ. 76. The Esnault-Pelterie monoplane 

moves it from left to right, or inversely, it warps the wings 
through the four sets of under-stretched ropes; when he 
moves it from front to back, or vice versa, it actuates the 
elevator, and as a result enables the aviator to recover 
his longitudinal balance, or, if he so desires, to ascend or 
to descend. 

The second lever is placed in front of the pilot ; controlling 
latoral direction, it is moved transversely, and commands the 
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rudder. One cim see the ingenuity and extreme simplicity 
in the design of these steering devices; the aviator must 
push the levers in the direction in which he wishes his 
aeroplane to go ; therefore, the movements which he has to 
carry out to this end are, so to speak, reflexive, and error is 
impossible. Finally, two pedals allow the aviator to control 
his motor, one acting upon the gas inlet, the other upon the 
propeller clutch. 

So far as the motor is concerned, we have already had 
occasion to describe it. The Esnault-Pelterie (RE.P.) engine is 
one of the most original and one of the best-oonceived motors in 
aviation practice. When it was first completed it received the 
pri2» of La Soci6t6 des Ingfoieurs Civils. It is af 30-35 horse- 
power, and its cylinders, numbering five, seven or ten, according 
to the power, are disposed in two ^* semi-stars,'' but in such a 
manner as to be all above the horissontal diameter of the figure. 
In this mannw lubrication is perfect. The valves are of the 
sliding type, and, according to their position, permit admission 
and exhaust ; there is one to each cylinder, and all are operated 
by a common cam. There is no water-circulation, the cylinders 
being fitted with fins, and at a speed of 45 kilometres per hour 
cooling is very perfect. The 30-36 horse-power motor weighs 68 
kilogrammes complete. An oil reservoir of 6 litres and a fuel 
tank of 40 litres suffice for two hours' continuous flight under 
^he propulsion of a four-bladed screw 2 metres in diameter, 
mounted direct on the motor shaft. 

In completing our description of this remarkable aeroplane, 
it is only necessary to say a word about the wheeled carriage 
used in launching and landing. The body of the apparatus is 
carried upon a pair ot wheels arranged in ** tandem.'' Under 
these circumstances it tilts to the left or rig^t ; but the tip of 
each wing being fitted with a special wheel, permits the appa- 
ratus to run along the ground without bringing the wings into 
contact with the latter. Immediately the apparatus is launched, 
the aviator, by the aid of the warping lever, lifts the wing 
which is trailing, and the equilibrium of the machine is estab- 
lished. The front carrying-wheel is moimted upon an ** oil- 
pneumatio brake," assisted by a spiral spring. Under ordinary 
droumstanoes the weight of the apparatus is supported flexibly 
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upon this spring. Vibrations caused by the uneTenness of the 
ground are absorbed by an air cylinder, in which moTes an air- 
compression piston. Finally, the shook in landing is taken up 
by an oil brake, in which tUs liquid, compressed by the blow, 
is forced through a very small orifice : this brake, which weighs 
only 6 kilogrammes, can absorb 350 kilogrammes. One can 
see, therefore, that it is very efficient for the landing of the 
aeroplane. 

THE "ANTOINETTE" AEROPLANE 

Among the aeroplanes of the monoplane type, the Antoinette 
deserves particular mention. Every one knows that the motors 
of this type have furnished aviation already with an engine in 
which power combined with lightness has been carried to such 
a degree that a 100 horse-power motor can be carried by an 
average man. The builders of these engines have undertaken 
also the construction of aeroplanes, and in their choice they 
decided upon the monoplane. 

They began by building the Oastambid&^Menffin aeroplane, 
which served as a means of investigation and research. By 
improvement upon improvement, they at last produced a 
striking type, which is known as Antoinette V. 

These constructors, like so maily other aviators of to-day, 
preferred the monoplane because of its extreme simplicity, 
feusility of construction, and greater efficiency, requiring less 
power for progression through the air under the same conditions 
of weight and speed. 

One of the most remarkable features of the Antoinette aero- 
planes is the design and build of the carrying surfe^ces. These, 
divided into two elements constituting wings in the fullest 
sense of the word, are of trapezium form, the larger base being 
contiguous to the body of the machine. When seen from 
the front the apparatus has the appearance of a very open V. 

The section of these wings is of such form as to secure 
the maximum of ** power of penetration.'* Their surfaces are 
covered on both sides, and the fabric is mounted upon a frame- 
work which is certainly a marvellouspiece of work from the triple 
standpoint of rigidity, solidity, and lightness. This framework 
is composed of an assemblage of longitudinal and transversal 



MONOPLANES 179 

ribs, interaeoting one another so as to fonn a series of triangles, 
the whole being oonsolidated in a ri^d manner by riTeted 
aluminium '* gussets/' The wing surfaoe is 25 square metres, 
and yet their combined weight is scarcely 30 kilogrammes. Thu9, 
one can see that the total carrying surface is 50 square metres. 
The extreme spread is 12*80 metres. It is very interesting to 
note that the builders have designed their framing upon the 
lines and principle followed by the constructors of metallic 
bridges and the Eiffel Tower, which consists of subjecting eyery 
part to tension and compression. 

The body is triangular in section ; it is a long girder, ending 
at the front in a pyramid, prismatic at the wings, and then 
tapering towards Uie tail of the apparatus. It is built upon 
the principle of metal bridges, but at the same time it is light 
and rigid. Body and wings are covered with fabric, carefully 
stretched and freely varnished. This imparts to the surfaces 
moving through the air a remarkable smoothness, reducing the 
friction of the molecules of air coming into contact with the 
fdrce which displaces them to the minimum. 

The constructors of the AntoviutU aeroplane have abandoned 
warping the wings for the following reason. With Louis B16riot, 
they have adopted ailerans fitted to the tips of the carrying 
surfaces, though in a slightly different form. These idlerons 
are connected to the extremity of the wings, and when at rest 
form a prolongation thereof. They are connected with the 
latter by an articulated system which lowers one while it raises 
the other. This produces the same effect as warping, but 
with greater power and without the inconvenient danger of 
fatiguing the wing framework by twisting or bending a part of 
its construction. These ailerons assure the utmost lateral 
stability. 

Longitudinal stability is obtained by an *' empennage." It 
extends horizontally and vertically beyond the surfaces of the 
empennage properly so called, and carries two rudders for 
elevating and steering respectively. The great length of the 
apparatus, which is 11*50 metres, gives a very high efliciency 
to this empennage, securing a remarkable stability in the 
direction of travel. 

Control is effected by three ti^eels. One cannot refrain 
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from thinking th«t Buch is too much for an aviator who has only 
tvfo hands I Two wheels, controlling steering and the ailerons 
respeotiTely, are close together, it is true, so that the hand can 
pass easily from one to the other. For my part, I Hark it 
would be wiser, perhaps, 
to t^Kve recourse to a con- 
trol arrangement of the 
Bliriot aeroplane type. 
That is the only criticism 
which I can offer of this 
apparatus, the conception 
and the construction of 
which are remarkable 
from all points. In addi- 
tion, two handles control 
the ignition and the inlet 
throttle of the motor, 
while there is a foot-brake 
to stop the engine. 

The whole apparatus is 
carried upon a carrif^ 
composed of a " wheeled 
skate " placed under the 
front of the body, two 
" shores," one at the right 
and the other at the left 
centre of each wing, and 
a " butt-end " under the 
tail The " shores " and 
"butt-end" are on the longitudinal axis of the machine. 
The " roller-skate," comprising a bioycle wheel at the back and 
a roller at the front, admits of absorbing to the maximum the 
severe shocks which are produced at the moment of landing, 
owing to an ingenious and solid suspension spiral spring. The 
skate-wheel, almoBt under the centre of gra-vity of the apparatus, 
is BO placed that the strain upon the tul is reduced to the 
minimum. Not only do the " shores " preserve the wings from 
all rough contact with the ground, but they serve as an anchor- 
ing point for the upper consoUdatii^ ropework. Moreover, a 




FiO. TT, Tbt Antolmtte mooofdatia 



MONOPLANES 181 

yertioal piece serves as a straining support for the cords stretched 
over the upper face of the supporting surfietce. 

When it is desired to launch the apparatus, the motor is 
started and the propeller is coupled in. The aeroplane is sup- 
ported on the ground by its skate, shore, and stem butt-end. As 
the motor speed increases the butt-end first leaves the ground ; 
a little latend oscillation and the shores rise in their turn. Then 
the apparatus, poised upon its roller-skate, steadily balances 
itself, until at last the engine power has developed sufSdently 
to enable it to rise. 

The motor is, naturally, an '* Antoinetta** It has eight 
cylinders disposed in a V, and develops 5 6 horse-power. It is 
placed towards the front, and drives a two-bladed propeller of 
2-20 metres diameter. This screw is of metal; its shaft is a 
steel tube with blades of aluminium. Its pitch is 1*30 metres, 
and it runs at 1100 revolutions per minute. The set of the 
two blades, and consequently the pitch, is variable. 

Exceptional precautions have been observed to secure ample 
accommodation for the aviator. His position is well sprung, 
so as to preserve him as far as possible from all shocks, and at 
the same time allow him the greatest freedom in movement. 

Such is this superb monoplane, the construction of which 
is perfect from all points of view. Its simplicity of control is 
striking. One of the first models was taken to the Chftlons 
camp, and there placed in the hands of M. Demanest, who 
served his apprenticeship as pilot. 

Afiifr five lessons only, the young aviator was able not only to 
*' fly," but to win, on April 8, 1909, the prize of the Aero Club 
of France for 250 metres. M. Henry Farman, passing through 
the camp at Ch&lons, officially timed the trip, and warmly 
congratulated the new aerial navigator. 

And on June 5, 1909, the ArUoinette aeroplane accomplished 
another performance. M. Latham, scarcely familiar with the 
management of this remarkable aeroplane, flew for one howr 
stven miwwUs^ when darkness stopped him. Not content with 
having beaten the world's record in a monoplane, he set out on 
the following day with a passenger. The third day he per- 
formed an unprecedented achievement in aerial flight, by 
carrying two passengers, MM. Foumier and Santos-Dumont, 
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and demonstrated once and for all by his marvellous skill the 
sftfety and facility of manipulation, and consequently the 
absolute superiority, of the French aero-monoplanes. Since 
then this aviator has carried off innumerable trophies. 

This feat, so rapid, this safety, so promptly acquired, demon- 
strates better thw words the great security of the French 
aeroplanes, and how much easier they are to control than 
apparatuses which demand everything of the aviator. And 
this rapid initiation is not an isolated instance. Flying can be 
learned in a few lessons upon the BUriot, EmauU-Pelterie, Voisin, 
Farman, Tellier, and ArUoinette aeroplanes. This exemption 
from a long, laborious, and perilous apprenticeship is quite a 
triumph for French aviation. 

M. SiLNTOS-DUMONrS " DEMOISELLE '* : THE 

TELLIER AEROPLANE 

Smaller still is the latest aeroplane \}esigned by M. Santos- 
Dumont, the DemoitelU^ as it has been christened by its author. 
It is 6 metres long, 5 metres spread only, and 150 kilo- 
grammes in total weight. Such is the remarkable machine on 
which the Brazilian aviator completed several successive 
flights at St. Cyr, early in April 1909. And during Sep- 
tember 1909, the intrepid Brazilian accomplished the extra- 
ordinary feat of covering 8 kilometres in 6 minutes. Power 
is furnished from a Darracq motor, and the aviator is suspended 
beneath the engine in a sling, operating one of the controlling 
devices by the movements of his shoulders. With this 
machine Santos-Dumont beat the record in ^* tearii^ away *' 
from the earth by rising into the air after a launching run 
along the ground of only 6 5 metres. He carried out diverting 
flights by setting out from St. Cyr to visit the Count and 
Countess Galard, at their country seat, Wideville> 17 kilo- 
metres from Versailles: 

Thus is demonstrated the feict that one can fly without the 
use of immense surfaces, of weighty and cumbersoctie machines. 
Before long, thanks to the explosion motor, the artificial bird 
of less weight and bulk will be able to go anywhere. A little 
more progress and every one will fly. 

A few words must be said likewise about an entirely new 
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monoplane emanating from the ateliers of the Brothers Tellier. 
This machine possesses some truly remarkable features. 

In its broad lines the apparatus recalls the BUrict mono- 
plane which flew across the Channel But it differs therefrom 
in essential details. First and foremost the wings are articu- 
lated. The designer has reverted to the system of warping 
the wings in his first model ; but undoubtedly he will improve 
this otherwise successful model, by substituting the dmpler 
and more reliable ailerons for the wing-warping arrangement. 

The rudder at the stem is wholly above the empennage 
tail and elevator. Furthermore, longitudinal stability and 
opposition to lateral drift are secured by means of a rigid 
vertical ** element.'' 

The weight of the Tellier aeroplane, ready for the air, is 
500 kilogrammes, which includes sufficient fiiel for six hours' 
flight. The two-bladed propeller, also a creation of the 
Tellier shops, is made of wood ; the Panhard-Levassor 35 horse- 
power motor runs at 1000 revolutions per minute; and the 
whole mechanism is controlled by a single wheel. 

The apparatus is carried upon a latticed wheeled carriage. 
The front part of the body is covered with fabric. It is 
scarcely necessary to say that, in common with all French 
monoplanes, longitudinal stability is assured automatically by 
means of the empennage tail. The wing spread is 11 metres, 
length of machine 11 metres, and the superficies is 24 square 
metres. Seen from the front the machine has the form of a 
very widely opened V. 

Such is this simple and striUng aeroplane, the control of 
which is so simple that M. Emile Dubonnet secured his 
aviator-pilot's certificate in a single flight with turns without 
detaining the governing committee more than half an hour at 
the aerodrome, after but four trips on the machine ! 

In the first flight succeeding the granting of this certificate 
M. Emile Dubonnet accomplished a master-stroke. The 
scientific journal Za Nature offered a prize of £400 to the first 
aviator who made a cross-country journey of 100 kilometres 
(such conditions would have to be fulfilled to render aviation 
practical) within two hours or less. EmUe Dubonnet won this 
prize easily upon his Tellier monoplane on April 3, 1910. 
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Thereby he seoured the record for a meohanical flight across 
country, of which, however, he was deprived four weeks later 
by Paulhan's magnificent flight fix>m London to Manchester. 

THE TWO SCHOOLS OP AVIATION 

We see from the foregoing that we are confronted by two 
schools of aviating apparatus: the American school, repre- 
sented by the Brothers Wright, which demands tverythimg of 
the aviator, and the French school, Voisin, Farman, Bl^ot, 
Esnault-Pelterie, Antoinette, which requires, on the other 
hand, the mimmvm from the pilot. 

Which of the two is correct ? 

The best way to reply to this question is to quote tlie words 
of Paul Painlev6, Sorbonne Professor, and member of the 
Academic des Sciences. M. Painlev6 is not an abstract mathe- 
matician who confines himself to differential sjrmbols or the 
study of elliptic action. He has probed into aviation practice, 
has flown in turn with Wright at Auvours, and with Farman 
at the Ch41ons camp, and this is how, in a subsequent article, 
he expressed himself upon the subject : 

'' Aviation is the most burning mechanical problem append- 
ing to mankind to*day. Its solution is achieved. To-morrow it 
will be commercial ; in a few years it will commence to trans- 
form the world. Now this solution can be indicated upon broad 
lines. 

'' We have two schools, the French and the American, or if 
one so prefers — ^for it is confined to the two constructors who 
have effected the most impressive results — ^the Voisin and the 
Wright systems respectively.* 

'' In the first place an aeroplane must travel quickly to be 
able to support itself in the air ; the speed must be such that 
the resistance of the air, increasing with the speed, prevents it 
from falling, whence the necessity of a motor, powerful, light, 
and regular in action. The more swiftly an aeroplane can 
travel the more stable and capable will be the apparatus for 

1 At the time the eminent mstkematioian wrote these worde {L$ Matim^ 
October 28, 1908} H. BUriot had not made hia •'hirtorioal jonzney" In a dtmi 
wrde or his flight across tiie Channel, and Tiatham had not aooompUdied his 
well-known brlmant trlompha on his AtUomdU monoplane. 
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combating the caprices of the wind. The perfiaction of an ideal 
motor is no more than a question of months. 

"Then it is imperatiye (and this is the gravest difficulty) 
that the apparatus should neither dip forwards nor backwards, 
neither to tJie right nor left; it must not even deviate from its 
direction of travel. In a word, the^aeroplane must not pitch or 
roll, or swing round suddenly, or else the pilot must be able to 
restore such unbalancing movements as soon as they develop. 

** Here are the means of obtMning this stability, which are 
different in the two schools. 

'' Wright has sought simplicity and lightness above every- 
thing, but the equilibrium of hie apparatue ie entirely in the hands 
of the pilot. Three distinct movements combat the three 
possible perturbations ; warping of the wings counteracts rolling 
particularly. 

'* On the contrary, the Voisin Brothers secure lateral stabi* 
lity by partitioning the two wings like the cells of a kite in 
the form of a cigar-box. Their appaarcUue adapts itself to the 
most convenient inclination in turning. Two operations instead of 
three are all that is necessary to control their machine— of the 
rudder and elevator respectively. Even this last control is now 
simplified greaUy by the addiiion of a long tail, which opposes 
pitching. 

''Lastly, the utilisation of motive power either by large 
slowly-turning screws as in the Wright machine, or the 
smaller and higher speed of the propeller of the Voisin 
system, appear comparable. 

"The Voisin apparatus is decidedly heavier than the 
Wright (650 instead of about 500 kilogrammes), due in the 
first instance to the tidl, and secondly to the wheeled carriage 
(80 to 100 kilogrammes) necessary to enable the apparatus to 
lift itself under its own effort. 

"These differences, well specified here, are the results 
obtained by the two apparatuses. Wright holds the record for 
distance unaccompanied and with a passenger,^ yet he has never 
raised JUmself by his own effort. He will be able to do so though 
when he so desires, but wiU it be without increasing weight t '' , 

" The Voisin apparatus, piloted by Farman, holds the record 

1 Ihefe Ubm mm wittton during October 1908. 
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for speed — 70 kilometres per hour at least. But it must be 
pointed out that it is always self-lifting by means of its 
wheeled carriage, weighing 80 kilogrammes. 

" I saw Farman fly in a violent wind (October 28, 1908) over 
the eamp at ChAlons ; he made the first long-distance flight in 
an aeroplane; he flew not only in public, but before some 
oflScers who attempted to overtake him at the gallop. He 
repeatedly described his usual circuit at great altitude, 
frequently exceeding 40 metres. Lastly, notwithstanding the 
weight of his wheeled carriage, it lifted itself and me by its 
own effort, traversed a distance of 1600 metres, and completed a 
turn, the apparatus showing as perfect a stability as if the pilot 
were unaccompanied. 

** * A magnificent day's work for French genius ! ' wrote 
a young officer who was overcome by enthusiasm at these 
experiments." 

It would be us^ess to add a line of comment to this 
criticism from one of our most learned mathematicians, a 
criticism enunciated on October 28, 1908. Two days later 
Farman and Bl^riot substantiated his statements by completing, 
on the 30th and 31st of the same month, the two '' first aerial 
voyages " from town to town. That is a distinction of which 
none can ever attempt to deprive them; they were the two first 
" tourists of the air.'* 

It is possible by means of so exact a comparison to grasp 
intimately the fundamental difference between these two 
<' schools" of aviation. We see that the American school 
demands everyOimg of the aviator, longitudinal, as well as lateral, 
stability, whilst the French school assures the longitudinal 
stability by means of an empennage and a long leverage arm, 
which is an important point. The two schools may best be 
likened to those two machines, the monocycle and the bicycle 
respectively. Neither has lateral equilibrium, and the rider 
must secure it in the same manner upon both. But whereas 
he must also obtain longitudinal stability upon the monocycle, on 
the other hand, with the bicycle this is inherent, owing to the 
two points of support on the ground. 

Consequently, while any one can manage a bicycle, only those 
expert in balancing will risk themselves upon a monocyde. 
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The French aeroplanes — BUriet, Voum, Famum, AiUoinetU 
— are the bicycles of the air. Every one will be able to use 
them. The exploits of Latham at the Ch&lons camp, where» 
after only a few lessons, he was able to remain in t^e air on 
his AntcimetU aeroplane for siscty'sevtn minutes, and to lift two 
passengers ; of Farman, who flew for over an hour with two 
passengers ; of Sommer, who made the first trip with '' four 
up " ; and of Paulhan, who sped across England, &c., 
demonstrate the facility and safety of their management. On 
the other hand, one knows the long practice, the skill that is 
requisite to use a Wright. Wilbur Wright possesses this skill 
to an extreme degree, but its acquisition is not open to all and 
sundry, no more than the balancing of a monocyde. 

HELICOPTERS iLND ORNITHOPTERS : THE BREGUET 

GYROPLANE 

A word remains to be said about aviation apparatuses based 
upon principles other than those of the aeroplane. There are, 
first of all, the helicopters, or apparatus with sustaining screws. 
So far these apparatuses have not given decisive results. 
True a fairly heavy apparatus succeeded in rising from the 
ground on several occasions, even with the aviator ; but what 
is difficulty and what is so far only promise, is the steady 
advance of the apparatus through the air. Hitherto the 
efforts of investigators have been confined almost exclusively 
to sustentation by screws. We have mentioned Colonel 
Renard's works upon this subject, and the hopes inspired by 
rather hasty interpretations of the formuke which summed up 
his calculations. A fdw trials of direct sustentation by screws 
have been carried out recently, the most important being 
those of Engineer L6ger (Monaco), M. Paul Comu, and M. 
Louis Breguet. We have already spoken (p. 146) of the first 
of these apparatuses. Let us now say a few words about the 
two others, which have furnished interesting results. 

We know what ** screw-slip ** is — the propeller revolves in 
the air like a screw, but the mobility of the molecules of the 
latter causes the apparatus to advance only a fraction of 
its '' pitch.*' The difference defines the Mp. 

Until recently attempts were made to reduce the slip 
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as muoh as passible by deoreasing the pitch of the screw for 
sustaining propellers used with helicopters. This slip, how* 
ever, cannot be entirely overcome. Therefore M. Comu 
sought to use the slip for the horizontal propuLdon of the 
aviation apparatus. This is the principle of his machine. 

A frame carries a motor, which transmits its power through 
endless belts to two screws, one on the right and the other on 



SBC 



R^hf hand pnpeUoe. 



L^lt immi. prapellor. 




1 



plane propellors. 



plane propvllors. 



[ 



Motor. 



Fio. 78. The'principle of the Oornu heUoopter 

Th4 derewi tecure atemi veriicallfff a/nd the reiistanee of the air upon the 
oUique filmie propdlen prodiues lateral ditpl^^ 

the left, and turning in opposite directions to annul torsion 
efforts. These are the ''sustaining" screws devised to lift 
the apparatus in the air. The effect of their slip produces a 
downward back-thrust of air, whereas their useful effort 
secures the sustentation of the apparatus. This backward 
drive of air is used for horizontal propulsion by means of 
inclined planes placed under the screws. These oblique 
surfaces transform the vertical effort of the descending air 
into a horizontal component which displaces the apparatus in 
a given direction. By inclining differently two series of these 
planes placed on both sides of the axis, turning and inclina- 
tion may be obtained. Such is the principle of the Comu 
apparatus. Plate XXXIH. shows the general details of its 
construction. Results therewith have been encouraging. 
Once the apparatus rose with its aviator on board; on a 
second occasion it ascended with two men, the total weight 
lifted being S28 kilos. It remained in the air for one minute. 
Propultton, due to the horizontal effort exercised upon the 
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oblique planes, was weak — only 12 kilometres an hour. It 
may be seen from the foregoing that this helicopter is amongst 
the most interesting of its type, and such experiments must 
be encouraged, as, without a doubt, it is from this line of 
development that the perfect sustaining screw will be eyolved. 
Perhaps it will be possible to associate such with the 
aeroplane some day. 

Special mention must be made of a very interesting 
aviation apparatus — ^the gyropUme of Messrs. Breguet and 
Richet. tins fulfils the combination of the aeroplane and the 
helicopter in a happy manner, since it comprises an association 
oifixed^ with revolving^ wings. The photograph enables their 
arrangement and operation to be understood very dearly. 

The total sur&ce of the revolving wings is 11 square metres 
each. The surface of the fixed wings is 50 square metres, 
which, in the event of a vertical descent, provides a total 
area of approximately 72 square metres to form a parachute. 
The oblique disposition of the screw shafts may be observed 
as soon as the propellers are in motion. The reaction of 
the air upon the fixed surfaces gives a double effort — an 
upholding vertical effort, and a horizontal effort serving for 
forward propulsion. 

With aviator and petrol sufficient for one hour, the 
apparatus weighs 600 kUos ; the '^ Antoinette *' motor develops 
40 horse-power. A balancer which can be warped, plaoed 
at the bow, and lateral small wings, ensure stability, and 
permit the aviator to regain such in the event of acddental 
inclination. A rudder at the stem of the apparatus acts 
as the vertical empennage. The fixed and revolving surfaces 
are flexible, and constructed upon very ingenious lines. They 
are covered partly with very thin aluminium sheets, and 
partly with special waterproof and non-hygrometrical paper. 

The apparatus has been tested successfully at Douai, on 
ground purposely selected as unsuitable for the launching oi 
ordinary aeroplanes — a beetroot field. The apparatus rose 
straight into the air with the greatest facility. An accident 
interrupted the experiments, but the results are most 
encouraging, and of a nature to induce the designers of 
Uie apparatus to persevere in the path they have selected. 
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The ormthopier has been studied and oonstmoted upon 
feasible lines by Mr. Adh. de la Hault» a Belgian ayiator* 
Without seeking to ''fly*' right away, this distinguished 
constructor first deyoted his attention to the study, working, 
and efficiency of the '* flapping'' wings. He bidlt a novel 
apparatus, showing distinctive mechanical ingenuity, which 
describes a movement in the form of the figure 8, according 
to the curve which mathematicians call '* lemniscate." By 
means of this complex action, the author hopes to realise the 
dual propelling and sustaining function of a bird's wings. 
Mr. de la Hault's apparatus figured in the 1908 Brussels 
Exhibition, and the remarkable mechanical features were 
much admired by engineers. The inventor is now pursuii^ 
his researches, and undoubtedly important results will be 
obtained. 

There remains but to indicate an American omithapter 
with flapping wings, provided with Venetian blind blades, 
which close in descent and open in ascent. We have no 
data regarding the practical results achieved by this apparatus. 

In concluding t^ history of the principal aviation 
apparatuses as designed up to now, we may say confid^itly 
that the aeroplane alone, so far, has furnished really practical 

over the two other aviation systems. This justifies the 
enthusiasm it has provoked and which its continuous develop- 
ment is maintaining. What is necessary is to ascertain how 
either supporting screws or propelling surfaces can be added 
thereto. With the aeroplane in its present promising form, 
it is obvious that aviation, the '* heavier than air " science, is 
far from having said its final word; it has barely said its 
first. 



CHAPTER VI 
EARLY DAYS OF AVIATION 

FORERUimERS AND PIONEEBS : ThK STRUGGLES, TRIUMPHS, 

AND THS VICTORS : ThE MARTYRS 

THE FORERUNNER : SIR GEORGE CAYLEY 

Now, knowing the conditions an aviation apparatus must 
fulfil; realising the difficulties that are encountered in 
seeking to evolve, raise, and control it ; glancing back to see 
how the traveller has arrived profitably at the end of his 
journey; and instructed in its handling, we shall be better 
able to appreciate the immense effort put forth by those who 
were the creators of '' heavier than air " aerial locomotion. 

Let us at once reassure the reader that we will not hark 
back to Icarus or legendary history. We will take aviation 
only from its modem origin; start from the time when 
methodical ideas were calculated sufficiently to enable in- 
vestigators to proceed on serious and practical lines, instead 
of aimlessly groping about in the dark. 

The first serious investigations relative to aviation date only 
from the commencement of the nineteenth century, and it 
was the aeroplane which arrested attention. By a curious 
coincidence, even as the first projected airship, that of General 
Meusnier, was " complete," and anticipated all the necessary 
equipment, so was the first aeroplane oonceived *' complete " 
and everything essential therefor indicated by its author. 

This inventor, the incontestable forerunner of aviation, was 
an Englishman, Sir Oeorge Cayley, and it was in 1809 that he 
described his project in detail in Nieholaan^s Jou/nud. In the 
course of an excellent paper presented to the Sooi6t6 des 
Ing6nieurs Civils, M. Soreau recalled this date, when he 
remarked how sad it was to think that such a valuable 
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invention as this had not been possible of application im- 
mediately upon its conception. Sir Gtoorge Cayle/s idea 
embodied *^ eyerything '' — ^the wings fonning an oblique 
sail, the empennage, the spindle forms to diminish resist- 
ance, the screw-propeller, the '* explosion" motor, the 
calculation of the centre of thrust, and demonstration of the 




Fig. 79. Vlotor Tatin's aeroplane model dztveii by oompmeed air made a 

flight at Mendon in 1879 

&ct that displacement takes place towards the front. The 
author even described a means of securing automatic stability ! 
Is not all that marvellous, and does it not constitute a 
complete specification for everything in aviation ? 

Thus it is necessary to inscribe the name of Sir George 
Cayley, in letters of gold, on the first page of the aeroplane's 
history. Besides, the learned Englishman did not confine 
himself to ''drawing-paper": he built the first apparatus 
(without a motor) which gave him results highly promising. 
Then he built a second machine, this time with a motor, but 
unfortunately during the trials it was smashed to pieces. In 
1842 another Englishman, Henson, attempted to build a 
model aeroplane upon this principle, but without success. One 
must pass on to the year 1856 to find the first experiment 
with apparatuses tnat " rose into the air " with a passenger 
aboard. It was nothing more than sustentation from a huge 
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kite, hauled by a vehicle. This initial tentative effort was 
carried out by Le Bris, a French sailor. The first attempt to 
glide aerially by a ** soaring plane " was made with what was 
really a triplane by Wenham in 1866. Such an apparatus was 
used thirty years later in the experiments of Chanute, Wright 
and Archdeacon. Nor must it be forgotten that towards 
1860 Nadar, Ponton d'Am^court and de la Handelle carried 
out their "heavier than air" campaign, and that in 1862 the 
first steam helicopter was built by Ponton d'Am6court» 
a model, it is true, but a working model, which is preserved 
in the archives of the French Aerial Navigation Society. A 
small model of another helicopter, built by EnricOy which was 
driven by a small steam engine, and weighed 3 kilogrammes 
all told, lifted itself from the ground and remained in perfect 
equilibrium without any material contact with the earth in 
1878. 

The three first aeroplanes or models of aeroplanes which 
truly " soared " were the small apparatuses of A. Penaitd which 
followed the lines of a monoplwe with an empennage tail 
(Fig. 43), and Victor Tatin's aeroplane constructed and tested 
at Chalais-Meudon in 1879. The latter was driven by com- 
pressed air and its trials were absolutely convincing. Held by 
a cord secured to the centre of a small circular track, the 
machine ran round the track, stretched the cord, and rose into 
the air. Subsequently, in 1896, the celebrated American 
physicist. Professor Langley, contrived a small steam-driven 
aeroplane weighing 13 kilogrammes, having two pairs of wings 
placed, not one above the other, but one in front of the other — 
in '' tandem." Although this aeroplane did not lift itself, it 
accomplished the first aerial journey by covering 1^ kilometres 
through the air. A second aeroplane was built some time 
after (in 1903). It rose into the air, but undoubtedly owing 
to the controlling aviator's inexperience it fell into the 
Potomac 

Yet investigators continued their experiments, and two 
name8> both well known in industry, are inscribed in the 
golden book of aviation. One is that of Sir Hiram Maxim, 
the famous inventor of quick-firing guns, who up to 1890 had 
expended over £40,000 in the construction of a very large 
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steam-driyen aeroplana This apparatus, notwithstanding the 
great achievement of its inventor in regard to the lightness of 
the steam engine (16 kilogrammes per horse-power), only dis- 
played a '^ tendency to lift itself" ; it never actually rose. 

The other industrial magnate was M. Clement Ader, famous 
for his great developments in the construction of telephonic 
apparatus. In 1890 and 1896 he built two aeroplanes which 
he christened Avian. On both occasions the apparatuses lifted 
themselves from ihs grmmd^ and in 1896 at Satory the apparatus 
completed a flight of SOO tnetres after leaving the ground under its 
own effort, before officers delegated by the Minister of War. 
If, therefore, the honour of having eonoeived the first aeroplane 
rests with an Englishman, the merit of having constructed the 
first apparatus that effectively flew, is due to a Frenchman — a 
glorious example of the entente cordiaie associated with the 
history of human progress. 

THE « HUMAN BIRDS " : LILIENTHAL, CHANUTE, 
CAPTAIN FERBER, THE BROTHERS WRIGHT 

Whilst some engineers were seeking '' to break in '* machines 
to sustain in the air, other investigators were compelled to seize 
the mechanism of the '* soaring plane,'* and upon these motor- 
less gliders, utilising on]y their weight and the resistance of the 
air, served their '' bird-apprenticeship." Foremost among these 
persevering and daring men, must be placed the rightly re- 
nowned name of the German, ^to LUienthdl^ who long before 
the Brothers Wright (they merely followed in his footsteps in 
their earliest attempts), accomplished some remarkable experi- 
ments in this direction, in the course of which he lost his life 
in his devotion to aviation science. 

Lilienthal, a Berlin engineer, built veritable birds'-wings, by 
means of which, when fixed to his body, he sought to achieve 
the '' soaring flight " of birds of which we spoke in a previous 
chapter. These wings, of which the photograph (Plate XXV.) 
gives a very good idea, were formed of an osier framework, 
covered with light, stretched fabric. Two horizontal rudders, 
forming a bifurcated bird's tail, were at the rear, surmounted 
by a Ifl^e steering rudder of rounded form. Lilienthal, well 
poised in the centre ef this framework, jumped firom the top of 
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a low tower, against the wind* The inclination of his body and 
legs enabled him to shift the centre of gravity of the whole 
system. In this manner he carried out some remarkable 
flights, some of which attained 300 metres in a horizontal 
direction. After he had made about a thousand such Idlienthal 
changed the form of his '' flier.'* Abandoning the Trumoplane he 
built a biplane, and broke his neck in a fatal fall from a height 
of 80 metres in 1896. 

The experiments of the unfortunate German engineer were 
of incontestable value in demonstrating the efficiency of carrying 
surfaces and the possibility of realising equilibrium under the 
best conditions during flight. The Americans followed in 
his footsteps, and among the first of those who, in the United 
States, sought for the solution of the problem by the study of 
the soaring plane must be mentioned a Frenchman, long 
resident in New York, M. Octave Chanute, born in Paris in 
1831 of French parents. Chanute, although well advanced in 
age, continued the experiments of LilienthaL He emphasised 
the hvplane and happily first conceived the disposition of the 
balancers. 

In 1899 Ferher, captain of artillery, commenced in France a 
series of very beautiful experimental researches first in glides, 
afterwards in the conditions of equilibrium. He even tried an 
aeroplane fitted with a ''manoeuvring'' motor, describing a 
circular movement about a fixed point to which he was 
mechanically connected. His work and writings place him 
prominently among those to whom we owe so much, and it is 
inspiring to see a French officer occupy a distinguished position 
in the ranks of these '* forerunners '' who planned out the path 
so well. 

So, when, in 1900, the brothers Orville and Wilbur Wright, 
bicycle makers of Dayton, set out to tackle the problem they 
found the ground well prepared. lilienthal had shown the way, 
Chanute had indicated the arrangements, and the Brothers 
Wright perfected them. They "strove for the point" with 
great judgment, skill, and, above all, an extraordinary deter- 
mination to become ''human birds.'' They commenced by 
carrying out numerous aerial glides with their biplane so as to 
secure aerial equilibrium. These glides suggested many happy 
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modifioations to them, and encouraged by the doyen of aviators. 
Octave Chanute, in 1903 theyjbmlt their first motor-driven 
aeroplane, with which they performed several flights in a straight 
line. It was not until 1904 that they effected their first turn. 
Then they embarked upon long flights of many kilometres at 
an average speed of from 60 to 65 kilometres per hour. Their 
experiments were so wrapped in mystery that many would not 
believe them. Among the few persons in France who really 
credited the performancesof these two transatlantic aviators^were 
Captain Ferber, M. Bodolphe Soreau, and H. Henri Letellier. 
In view of the military possibilities of their machine, H* Letellier 
even sent one of his collaborators, H* Fordyce, to America to 
negotiate with the two inventors for the cession of their appa* 
ratus to the French (Government. These negotiations were not 
successful and it was not until the summer of 1908 that Wilbur 
Wright, at the request of a group of financiers with whom he 
had been in treaty, went to France. He carried out his first 
trials at Mans, at the camp of Auvours, upon the Hippodrome 
des Hunandidres, where he executed numerous flights iJl under 
'' experimental '' conditions, but never once set out under his 
own effort, and made no actual voyages. Nevertheless it must 
be remembered that, thanks to his aviating skill, Wilbur Wright 
completed some flights of very long duration. Among them 
he succeeded in repeating the exploit of the Frenchman, 
Delagrange, by carrying as a passenger H. Paul Painlev6, of the 
Academic des Sciences, with whom he remained in the air for 
over an hour. 

These experiments, owing to the enormous publicity ex- 
tended, created an immense sensation. One had forgotten 
somewhat the French aviators when two of them established 
remarkable records, and created distinction by making the 
two first aerial voyages in an apparatus "* heavier than the 
ur" on October 80 and 31, 1908. 
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^LOITS OF THE FRENCH AVIATORS : SANTOS- 
DUMONT. VOISIN, DELAGRANGE, &c. : THE 
ILfiCENE : HENRY DEUTSCH, E. ARCHDEACON, 
ARMENGAUD 

The flights of the Brothers Wright were very beautiful 
demonstration experiments, but nevertheless the aeroplane of 
the Americans is not perfect. Its stability demands a con- 
stant effort on the part of the aviator, because of the suppres- 
sion of the empennage tail, and for this reason the apparatus 
is dangerous. 

French aviators worked quietly towards the solution of the 
problem, and to its eomplete solution. In other words they 
sought the perfection of a uHf-tAarivag aeroplane, able to rise 
from the ground under its own effort, and after having landed 
to restart without either rail or pylon. 

At the end of 1903, the ardours of the audacious French 
aeronauts were revived. That year Colonel Renard pointed 
out that, when the weight of the motor was brought beloW' 
5 kilogrammes per horse-power, flight by means of " heavier 
than air " macUines was possible. The great authority, the 
sanguine views of the illustrious and learned officer were more 
than a hope ; they were a guarantee for the pioneers who set 
out towards the conquest of the atmosphere. 

Among the most prominent of distinguished ardent sports- 
men was Ernest Archdeacon, who, as far back as 1904, made 
some experimental glides with an aeroplane among the dunes 
at Berck-sur-Mer. At that time what perseverance was neces- 
sary to pursue, without faltering, this struggle with the uncon- 
trollable element I What faith in the future, not to allow one's 
self to be turned away by the criticisms and the more or less 
witty satires of the detractors who are always more numerous 
than the ^' actors " ! But the latter were enthusiasts ; nothing 
would stop them. Voisin built and tested with Archdeacon, 
Ferber and Santos-Dumont. The last-named sought to forge 
the /' connecting link'' between the aeroplane and the kite. 
He constructed a biplane which could float upon the water, 
and had it towed along the Seine by the Bapiir4, one of the 
fiastest existing motor-boats. The apparatus rose, carrying the 
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aviator, thus excelling the bold efforts of many persevering 
workers. The possibility of aviation was establljahed now. 
Experiments in aviation also multiplied. 

It is necessary — ^it is essential — to point out that nothing 
had transpired concerning the experiments of the Brothers 
Wright, whose existence was scarcely known. A stronger 
reason for being ignorant of details concerning their mys- 
terious machines was that their authors jealously guarded 
themselves against prying eyes. Moreover, does not the 
merit of the French aviators stand unique ? Not only have 
they done as well, but they have done beUer. What more can 
be asked? 

M. Santos-Dumont was the first to succeed. The intrepid 
Brazilian aeronaut carried off the first prize which the generous 
Mfficene of aviation established in 1906. With what is this 
date to be compared I In 1906 not a motor-driven or self- 
starting aeroplane had left the ground. Thus it may be seen 
that he who could make a flight of 100 metres would achieve 
indeed an admirable exploit. Santos-Dumont carried off '' the 
prize for 100 metres " at Bagatelle on November 12, 1906 ; some 
time after Delagrange and L. Bliriot won the prize for 
200 metres by a flight of 220 metres. 

Two gentlemen then appeared on the scene who by their 
lavish generosity have contributed greatly towards the develop- 
ment of aerial sport — ^MM. Henry Deutsch and Ernest Arch- 
deacon. The flights so far accomplished were in a straight 
line ; the aviators hesitatingly refrained from risking a turn. 
They saw the difllculties we have already pointed out. MM. 
Deutsch and Archdeacon offered a prize of £2000 to the first 
aviator who accomplished a circtdar kilometre. This prize was 
won by Henry Farman, at the Issy-les-Moulineaux manceuvring 
grounds, on January 13, 1908. 

Thereafter the triumphs of this persevering aviator con- 
tinued without interruption. On July 6, 1908, by remaining 
in the air for twenty-one minutes, he won the prize so 
spiritedly offered by the engineer, M. Armengaud, to the 
aviator who could remain aloft for a quarter of an hour. 
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THE TWO HISTORICAL AVIATION VOYAGES BY FAR- 
MAN (OCTOBER 30) AND BLERIOT (OCTOBER 31, 
1908) WHO ACCOMPLISHED THE TWO FIRST 
" AERLAIi JOURNEYS " FROM TOWN TO TOWN 

However, all preceding records were completely eclipsed by 
the two exploits of H. Farman and L. BUriot. 

Hitherto aeroplanes had simply described evolutions over 
race-courses or aerodromes, where the ground, purposely 
levelled, offered the best facilities for the ascents and descents 
of the French aeroplanes. These advantageous conditions 
were not sufficient for the American aeroplanes, because it was 
necessary for them to have also a pylon and laimching rail. 
Thus the aeroplane had to demonstrate its possibilities of 
endurance, to idiow that it possessed really practical utility, 
and that it did not require special facilities at halting-places 
in its aerial passage. 

MM. H. Farman and L. B16riot had the unquestioned and 
indisputable distinction of fulfilling this demonstration, which 
was anticipated by the whole world. They proposed to embark 
upon an actual journey from tovm to town and they succeeded. 

Henry Farman left the precincts of his shed at Bouy, near the 
Ch&lons Camp, at 3.50 on October 30, 1908, and set out for 
Rheims. The wind was KS J2. The aviator immediately gained 
a height of about 50 metres, which was necessary, owing to the 
stretches of tall poplars barring his path. He flew over rivers, 
villages, woods, &c., and, after being twenty minutes on the 
journey, reached Rheims, where he landed with the utmost ease 
in a park between the cavalry barracks and Pommery House. 
During this twenty minutes he covered 27 kilometres, which 
gave a '' start to stop '' speed of 79 kilometres per hour. 

On the following day (October 31, 1908) Louis B16riot 
completed a still more sensational and perfect '< journey." 
Leaving Toury (Eure-et-Noir) at 2.50, he steered towards 
Artenay (Loiret), a point situated some 14 kilometres from the 
starting-point. There some captive balloons had been sent up 
to indicate the point where he was to turn. 

Flying a dozen metres above the ground, the aeroplane passed 
over Ch&teau-Ghullard and Dambrou, and the automiobileB 
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which were following him were speedily ** scattered " along the 
roads. Eleven minutes after the start an ignition £ault oom- 
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Fio. 80. The first " aerial voyage ** made in a closed oirooit from Touiy 
to Artenay and back, by Lonis Bl^ot, on October 31, 1908 

polled him to alight. He landed without difficulty, repoiMrti 
Mi magneto^ wnd set aiU ogam under his awn effort^ after a 
descent lasting an hour and a half^ to continue his journey. 
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Holding more to the west, he passed Pourpiy, and made a 
second descent of some minutes at Yilliers Farm, near Santilly. 
He re^stcurted a second time, passed Pointville at five o'clock, 
and returned in quite a matter-of-fiact manner to his starting- 
pointy having accomplished the first *^ cross-country" voyage 
with descents. During this flight his aeroplane acted mar- 
vellously well, attaining a velocity of 86 kilometres per hour 
(Kg. 81). 

Thus, Louis B16riot demonstrated that the French aeroplanes 
mounted on wheels are complete apparatuses, truly self-starting, 
practical, and capable of resumiog their flight when it is inter- 
rupted. He proved the services that aero-locomotion could 
render us, and illustrated that aviation from that time hence- 
forth could enter into everyday practice. 

Certes, one had been so persuaded, but a good practical 
demonstration is worth more than exhaustive arguments: 
corUra faettim non valet argumentumi Consequently Farman and 
B16riot were absolute demonstrators, and definitely opened 
'' the Highway of the Air." It was a fair act of the Academic 
des Sciences to divide the Osiris prize between B16riot and 
Yoisin, the creators of these marvellous aviation apparatuses. 

THE LATEST ACHIEVEMENTS OF THE AVIATORS 
LATHAM, ROUGIER, COUNT LAMBERT, PAULHAN, 
DUBONNET, &a : BLERIOrS FLIGHT ACROSS THE 
CHANNEL : PAULHAN'S FUGHT OVER ENGLAND: 
THE CROSSING OF THE ALPS BY CHAVEZ 

In July 1909 a prize was offered for crossing the Channel 
by aeroplane. Latham, on an Antoinette monoplane, attempted 
to carry it off. On the first occasion he fell in mid-Channel| 
and was rescued by a torpedo-boat. By no means discouraged, 
he made another effort some time later. Leaving the French 
coast, he again fell into the sea when but little more than 
a mile (1852 metres) from the English coast. He failed, but 
his feat proved that the prize could be won. It was secured 
two days later by B16riot, who, starting from the outskirts of 
Calais, alighted on the cliffis of Dover. 

We gave this French aviator a triumphant welcome, and his 
return to France assumed the character of a national event. 
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In April 1910 the DaUy MM offered a prize of £10,000 to 
the aviator who flew from London to Manchester within 
twenty-four hours, and without making more than two stops 
during the journey. Mounted on a Henry Farman biplane, 
fitted with a Ghiome motor and Chauvidre propeller, the 
French aviator Faulhan snatched victory from his rival Graham 
White by covering the distance— over 800 kilometres — 
in 4 hours 12 minutes. It is difficult to describe the 
reception extended to Faulhan upon his return to London. 
He was received with the strains of the ^'Marseillaise'' and of 
'^ Gk)d Save the Eang,** while his carriage was hauled along by 
enthusiastic admirers. 

This last-named exploit never will be forgotten owing to its 
exceptional importance. It demonstrated conclusively that 
aviation was practicable, and that its entry into our didly life 
was no more than a matter of perfecting details. Consequently 
Paulhan's " journey *' constitutes not only an important date 
in the annals of aviation, but in the history of civilisation 
as welL 

But it is unfair not to mention the magnificent flights of 
other aviators. In the early days they strove to show that 
the aeroplane could fly just as high as the dirigible. Altitudes 
of 300, 400, and 600 metres were attained successively. But 
the finest records commenced with Latham upon a monoplane 
and Faulhan upon a biplane. 

On January 7, 1910 — the day of the funeral of Delagrange, 
a victim to his devotion to aviation — Hubert Latham rose into 
the air as if to take a sweet revenge. He left the ground at 
the Ch&lons camp at 2.30 p.m., followed a sweeping circle by 
Bourg and Mourmelon, described an ascending spiral, thereby 
gaining a greater and greater height. In thirty-two minutes 
he had reached an altitude of a little more than 1000 metres t 
The feat was authenticated, upon descent, by a report signed 
by Greneral Joum6e and Lieutenant Lardet. The kilometre in 
altitude so coveted was achieved ! 

But Hubert Latham did not hold the altitude record by 
aeroplane for very long. On January 12 — ^that is, five days 
later — Louis FauUian^ at Los Angeles (California, n.Sj&L.), in a 
flight officially measured^ attained the height of 1269 metres. 
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On July 7, 1910, he reached an altitude of 1384 metres, and 
on July 30 the Belgian aviator OliesloBgers rose to a height of 
1524 metres, which is practically the maximum altitude 
reached by a dirigible — the CUment-Bayard, under the hand 
of the accomplished pilot Capazza. At Blackpool on 
August 2, 1910, Chavez, the Peruvian, reached 1800 
metres, and at Atlantic City (U.S.A.) in Jtdy the American 
Brookins notched 1880 metres. But the two highest 
altitudes reached by aeroplane are 2521 metres by Morane, 
and 2562 metres by Qeo. Chavez. The latter aviator had 
the unique distinction of being the first to cross the Alps by 
aeroplane, on September 24, 1910, though he paid for his 
victory with his life. But he demonstrated by his magnifioMit 
flight from Brigue to Domodossola that current practice in 
flying is possible at extreme altitudes, and that the upper 
atmosphere is not closed to apparatus '^ heavier than air.*' 

Speed and durations also have their champions, and here 
the name of the American Curtiss stands pre-eminent. At 
the same Los Angeles meeting where Paulhan set up the 
altitude record. Glen H. Curtiss, with a passenger aboa/rd^ 
travelled 88^ kilometres in an hour on January 11, despite his 
surcharge in weight ! On April 8, 1910, a young Belgian 
aviator, Daniel Kinet, mounting a Henry Farman biplane, 
flew for i\ howrs with a passenger — this is the world's record. 

Transport facilities increase day by day. It is scarcely 
three years ago since Delagrange, while in Italy, for the first 
time took a passenger with him. Later, at Auvours, Wilbur 
Wright repeated this feat. Then on August 28, 1909, 
Henry Farman, after making several flights with a passenger, 
flew for ten minutes with two passengers aboard ; and finally, 
on March 25, 1910, he remained in the air with two passengers 
(three persons in all) for sixty-two minutes. But at Mouzon, in 
the Ardennes,on April 20, going one better,Roger Sommer,upon 
his ordinary biplane, and vMho^nJt wakH/ng any special modifieatums^ 
ascended and remained aloft for five minutes with three 
passengers (four people in all) — ^Mlle. Dutrieu (weighing 
45 kilos.), M. Colombo (60 kilos.), and Frey (68 kilos.). Let 
us add that Sommer himself weighs 60 kilos., and that he 
carried 20 kilos, of petrol This represents^ thereforCi a total 
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weight of gj^S Mob. which was lifted into the air. This 
performance was of capital value, for it gave an idea of the 
effective '' carrying capacity " of a well-constructed and 
capably handled aeroplane. 

I^ in addition to the foregoing, we bear in mind that to-day the 
launching facilities are so improved as to enable an aeroplane 
to rise after a run along the ground for 50 to 70 metres, we 
may see what gigantic strides have been made, even in a year, 
by this '* heavier than air'* apparatus. It was only a few 
years ago that it was laughed to scorn as much as it is 
greeted enthusiastically to-day. 

Finally, it may be said that the aeroplane is no longer 
confined in its flights to aerodromes. Farman and Bl^ot 
made the first cross-country journeys through the air. 
Latham, at Berlin, during the winter of 1909, flew over a 
city for the first time. He journeyed from Tempelhof 
to Johannisthal, and passed over the capital of the German 
Empire. Some days later, in a gracefdl and daring flight, 
one of Wright's pupils, Count Lambert, a Russian aviator, set 
out from Juvisy, flew over Paris, rounded the Eiffel Tower, and 
returned to Juvisy, where his descent was made, to the 
accompaniment of an indescribable ovation. On April 23 
iSmile Dubonnet crossed Paris on his Tellier monoplane. Nor 
must be overlooked the audacious flights of Rougier at 
Monaco, where he flew over the sea and the "Tfite du 
Chien '' ; those of Paulhan and his rival Oraham White over 
the towns and cities of this country ; the striking performances 
of the French aviator-officers who accomplished, vmder service 
conditions^ the voyage Paris-London and Paris-Bordeaux, with 
fojsufngws. Such enable us to realise that the aeroplane is 
commencing to fulfil anticipations. It is permissible to fore- 
shadow the time of its entry into our everyday life, inasmuch 
as now we take no notice of journeys from town to town — the 
exceptional of a year ago has become the commonplace of 
to-day. 
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THE ENTHUSIASTIC PUBLIC MOVEMENT IN FAVOUR 
OF AERIAL NAVIGATION: "AVLiTION MEETINGS" 

From the day when Farman won the Deutsoh-Arohdeacon 
prize» aviation created an indescribable enthusiasm among all 
classes of the community. For a year the shops and Tendon 
of post-cards sold nothing but photographs of aeroplanes, 
portraits of aviators, and illustrations of motors. The wide- 
spread publicity with which the managers of the Brothers 
Wright surrounded the experiments of the American aviators, 
helped to maintain this movement, and the numerous excur- 
sions of the dirigibles, which continually described evolutions 
over Paris, prolonged the absorbing interest of the people, 
provoked by the success of aviation. 

At Auvours enormous crowds flocked from all parts to witness 
the Wrights' flights. At Issy-les-Moulineaux, where in the 
early days — the heroic times — the use of a manoBUvring ground 
had been granted very reluctantly to the French aviators, 
whereas such a space was placed liberally at the disposition of 
the foreign aviators, thousands of the curious were always present 
to assist a flight or a descent, notwithstanding the early hour 
(from 6 to 7 ▲ Jf .) that was imposed upon French investigators. 
Cinematographs have reproduced and popularised the most 
successful fl^hts; the annual reviews have introduced the 
aeroplane into their pictures extensively. 

The latest achievements of BUriot, Farman, Dubonnet, 
Paulhan, and many other champions of the air, as well as those 
of the French aviation officers, Leblanc, Aubrun, Legagneux, 
the OircuH de VEd^ have infused the whole world with an inde- 
scribable enthusiasm. In the shops the up-to-date toy which 
commands the greatest sale, and which ** rises " into the air, is 
the little monoplane or biplane aeroplane driven by an india- 
rubber elastic band. 

But it was in the imagination of the young folks that 
aeronautical schemes were conceived. They dreamed of 
nothing but aviation. At college they made paper aeroplanes 
under the cover of their desks, to guard them against detection 
by their tutor; whilst the latter, studying for his science 
degree, on his part was occupied in calculating the elements of 
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soma flying-machine that would revolutionise the field of 
travel 1 

The fiedr sex has taken to the new method of locomotion. 
Already graceful ** aviatrices " are popular at the aerodromes, 
such as, for instance, Madame Delaroche, the first lady to 
handle an aeroplane unaided, and to obtain the aviator-pilot 
certificate, Miss Dutrieu, Miss Aboukaya, &c. 

Aeronautical construction shops have sprung up on every 
side. Aeroplane constructors have their catalogues illustrated 
with aviation apparatuses, ** payable after trial by the customer," 
whilst — sign of the times — ^agencies have been established to 
£EMnlitate such transactions. 

It has become necessary to satisfy the desires of the public 
who wish to see '* flying " beyond die limits of the cinemato- 
graph. Consequently meetings, '^ aviation weeks," have be^i 
inaugurated, which, by the offer of attractive prizes, have brought 
together a large number of aviators. The first and most 
historical meet^ig of this description was that held at Rheims 
in the autumn of 1909. It was organised by the Marquis of 
Polignac, and it attracted visitors from all parts of the world. 
It served to show Europe how aviation had developed under 
the impulse of French genius. Since then meetings have 
succeeded one another without cessation^ — at Pau, Brescia, 
HeliopoUs (in the early part of 1910), Nice, &c. To-day there 
is no city which has not had its ^ aviation week.'* The OirewU 
d$ VJht, the first opportunity afforded aeroplanes to race over 
a measured definite course on days fixed in advance, like a 
race-meeting, demonstrated in August 1910 that the *' heavier 
than air '' apparatus was no longer an experimental appliance, 
but a vehicle of practical value. 

The prizes offered at these various meetings were consider- 
able. In order to afford an idea of their character we give a 
selection of the winnings of some aviators at these various 
•* weeks": 

CHAMPAGNE WEEK 

Rhbims, August 1909 

Farman £2400 

Latham £1946 
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Curtifls £1520 

BWriot £500 

Paulhan £4.00 
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HELIOPOUS WEEK 

Egypt, February 1910 

Bougier £3640 

M6trot £2400 

LeBlon £640 

Balsan £340 

Beimskyck . £100 



NICE WEEK 
A^ 1910 



Efimoff 

Latham 

Yan den Bom 

Duray 

Chavez 



. £3102 
. £2422 
. £1088 
. £782 
. £622 



To the above must be added such a trophy as the Daily 
Man! prize of £10,000, which Paulhan won in so brilliant a 
manner by flying from London to Manchester. One may have 
cause to envy the calling of the aviator, who, if he does incur 
risks, has so many advantages to excite the imaginations of the 
young. 

This movement was interpreted, some years ago in France 
at any rate, by the foundation of an aerial League^ which had the 
happy inspiration to have resort to the knowledge of Professor 
Paul Painlev6. 

An '' Aviation Conunittee ^ has been formed in the French 
Senate under the presidency of H. d'Estoumelles de Constant, 
while an Aerial Locomotion Commission acts in the Chamber 
of Deputies. But this enthusiastic movement is reflected 
especiidly in the redoubled efiforts among societies actively 
concerned in the matter of aeronautics. There are the SooiiU 
frangaiu de navigation ahienne, under the presidency of 
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M. Soreauy generally recognised as the oldest, since it was 
founded in 1872 ; VA&ro Club de Frame, equally publicly appre- 
ciated, presided over by M. CaiUetet, of the Acad6mie des 
Sciences, the efforts of which have been so fruitful in the 
difEusion and development of aeronautics in all its branches ; 
VAtronautiqw Clvhy FAcaddmie AAronautigue de France, F Aviation 
Club; the SteUa, an aero-club exclusively devoted to ladies; 
while other societies have increased appreciably the number of 
their members. At Brussels, rA6ro Club de Belgique, ably 
presided over by M. Jacobs, a learned double of Msecene, has 
followed the example of its French brothers, and is progressing 
in a remarkable manner. In (Germany, England, and Italy the 
same activity is manifested. And in turn, special newspapers 
and journals have been created. Let us recall, first, the two 
original organs of aerial locomotion, VAtranaute, founded in 
1866, and PAirophile, that remarkable paper directed by so 
great an authority as M. Georges B^san^on. These two 
periodicals constitute the archives ot aerial navigation, as 
much for the past as for the present, and we have drawn 
extensively upon their files, with the requisite permission, to 
write this book; to their editors we extend our thanks. 
Around them have sprung up — PAdro, la Bevue aMenne, la 
Bevue de FAviaiion, P Avian, P Aviation Ulustrie, &c. In Belgium 
two excellent reviews. La Conquite de VAi/r and V ASromSeanique^ 
have a wide circulation ; and it is the same in London, Berlin, 
and Italy. 

And all this is the result of the triumphs achieved during 
the past few years. What is the outlook for to-morrow ? and 
how striking is the consciousness of mankind of the value 
of the great inventions which are perfected to modify in a far- 
reaching manner the conditions of existence and of social life I 

THE MARTYRS OF AERLAL NAVIGATION : DIRIGIBLE 
CATASTROPHES : AEROPLANE DISASTERS 

If aerial navigation counts its victors — alas! it numbers 
also its victims. Every great development in civilisation has 
milestones of mournful significance, and the history of dis- 
covery is often written in blood. It seems as if Nature, 
jealous of the inviolability of her secrets, wreaks revenge 
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upoa those so audacious as to seek to reveal them, aiul 
parries the efforts of those who attempt to unravel the 
mystery of her laws I 

The conquest of the air, like all other conquests, has its 
battlefields strewn with the remains of its heroes. In its 
two forms it has already a long martyrology, and we wiU 
recall briefly the foremost disasters which have befedlen 
aeronautics and aviation* We will omit accidents to spherical 
balloons; they are legion, and in recent times, in Germany 
particularly, they have increased in an impressively tragic 
manner. 

The two greatest catastrophes to dirigibles were those of 
the GFerman vessels the IkuisehlaTul and the Schwartz. 

In 1896 the aeronaut Woelfert built a balloon 28 metres 
long by 8*5 metres diameter, and of 800 cubic metres capacity. 
Two propellers, wrought in aluminium, of 2*5 metres diameter, 
were driven by an 8 horse-power Daimler petrol motor. The 
experiments were continued without success, and on June 14» 
1897» the airship exploded, owing to the gas being in too close 
proximity to the motor, and becoming ignited, it fell to the 
ground, and the two aeronauts were mutilated terribly. 

In 1897 an aluminium balloon, built on the rigid principle 
by the German aeronaut Schwartz, came to a similar end, but 
the aeronaut had the opportunity to save himself, though he 
was severely wounded in the ordeal. 

Coming to the year 1902, we find two terrible calamities 
which happened in Paris to two airships. Pax and Bradsky, 
the first built by the Brazilian Severe d' Albuquerque, the 
second by the (German engineer Bradsky.' 

The Fax was a fusiform balloon, symmetrical, with too 
slight an elongation, built up of a rigid firame to which were 
fixed the shafts of the two propellers, which revolved upon the 
axis of the envelope. Severe suppressed the ballonnets in the 
balloon, and the explosion motors were set scarcely 2*5 metres 
away from the envelope ! 

On May 12, 1902, the balloon, being released, ascended 
very rapidly; the stem screw refused to act; the disabled 
vessel tilted ; a jet of flame was observed at the top of the 
car, there was an explosion, and the whole apparatus tumbled 
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to the ground. The body of the unfortonate Severe and his 
luckless mechanician were found masses of bleeding pulp. 
This disaster, which occurred in Paris, caused a profound 
sensation. 

Four months later, on October 13, 1902, the (German 
aeronaut Bradsky ascended in a semi-rigid airship of cylin- 
drical shape, terminating in a point at the prow and in 
a hemisphere at the stem. Here again there was no baUonnet^ 
and the suspension was simply of the parallel type. This 
was the cause of the disaster. At a certain mom^it the 
aeronauts attempted a sharp turn. This set up a torsion in 
the suspension. The absence of the ballonnet caused the gas, 
a quantity of which had escaped during asc^it, to rush 
towards the prow. The balloon reiured up, and the suspension, 
essentially deformable, was unable to carry the weight equally. 
That to Uie front had to carry the weight of the car, motor, 
and passengers. It collapsed, and the two unfortunate 
aeronauts were thrown to the ground, where their bodies were 
literally buried from the force. of the fall I 

French aeronauts had been spared up to this time. There 
was the loss of the PcUrie, carried away by the gale, but that 
was a material loss purely. 

In the month of November 1909 occurred one of the most 
terrible catastrophes it is possible to conceive— the disaster to 
the French military dirigible Bipubligpief carrying Captain 
Mar6chal, Lieutenant Chaur6, and Adjutants B6au and 
Vincenot. 

The JR^mbliqtie had returned from the manoeuvres, and had 
regained Chalais-Meudon by the aerial highway. Some 
automobiles followed the airship. Suddenly a kind of detona- 
tion was heard, and the dirigible crashed to the ground with 
the four olficers aboard. The cause of the accident was novel. 
One of the blades of the propeller, torn loose by centrifugal 
force, struck against the envelope, tearing a large rent, 
through which the gas rushed. The balloon fell like a stone^ 
and struck the ground with terrific force. This fearful 
calamity drew attention to the use of wood for propellers. 

This national disaster created widespread consternation, 
A subscription opened by M. H6brard, the director of Z# 
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T^mps, was overwhelmed with signatures. In a few days a 
large sum had been obtained, wldch permitted, owing to the 
patriotic sacrifioes made by the Astra, Zodiac^ Wright, BlSriot, 
Henri and Mawrice Farman companies, to offer for the national 
defence an aerial cruiser of 8000 cubic metres, another of 
2000 cubic metres, and four two-seated military aeroplanes, 
as a substitute for the lost unit. 

In Qermany accidents to dirigibles have been numerous. live 
out of six Zeppelins have been destroyed by mishaps at landing, 
happily without a death-rolL But in the month of July last 
the dirigible Ersbdoh had a tragic &11 and killed five people. 

The list of victims in aviation, too, is long. The first name 
inscribed upon this sad albeit glorious scroll of honour is that 
of the German Otto lilienthal, who carried out most remark- 
able experiments in gliding. Lilienthal effected his aerial 
*^ glides " with an apparatus of supporting wings, but without 
a motor. He had made hundreds of these glides with 
complete success, when, in the course of his last flight, the 
apparatus was capsized by a current of air, he was thrown to 
the ground, and had his neck broken by the fall. 

Since the advent of the motor-driven aeroplane — that is to 
say, since 1908 — many aviators have paid for their aerial skill 
with their lives. 

First, in the United States, the American lieutenant 
SelMdge was killed by a fidling aeroplane, in which he 
had ascended as a passenger with Orville Wright, one of the 
Wright Brothers. The latter escaped with an arm and 
leg broken. This occurred in August 1908. 

On September 7, 1909, at the Juvisy aerodrome, the aviator 
L6fevre had an unfortunate fall and met his death. 

On September 22, near Boulogne, Captain Ferber, of the 
French artillery, one of the aviation pioneers, and one who, 
as much by his theory as his practice, accomplished a great 
deal in the development of the new means of locomotion, was 
killed in an inconceivable accident. He had not risen into 
the air ; his apparatus was running along the ground, which it 
had not yet left. It was at the moment of ** launching.'' 
Suddenly the apparatus overturned, fell to the ground, break- 
ing the neck of the unlucky officer by its weight. 
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At Nice, on December 6, 1909, the aviator Fernandez, piloting 
an aeroplane which he had devised and built, fell and was 
killed. 

Delagrange, one of the first champions of the aeroplane in 
France, who mounted the first Voisin machines, and who was 
the first to carry a passenger into the air, was killed at Croix 
d'Hins on January 4, 1910. He was on a BUriot, and find- 
ing the power of the motor to be inadequate, he substituted 
another engine of twice the power. In so doing did he alter 
the stability conditions of Ids apparatus ? At all events the 
unfortimate aviator had a fEital fall. 

At St. Sebastian, towards the end of March 1910, Le Blon 
fell vertically from a height of some 5 metres into the sea, 
and was killed instantly ! Roble was killed at Breslau on 
July 18, 1910. Wachter met his end at Bheims on July 13. 
Rolls, who made a brilliant round trip across the Channel, was 
thrown to the ground at Bournemouth on July 12, and was like- 
wise killed. Einet, a Belgian aviator, after some magnificent 
triumphs, met his death at li^e on July 15, 1910, and on 
August 3 his cousin Daniel Eonet was Idlled, whilst on the 
same day Walden had a fatal fiedl at Minneola (Long Island, 
IJ.S.A.). On August 20 the Italian lieutenant Pasquo 
Vivaldi fell and was killed instantly ; on September 20 PoiUot 
succumbed from serious injuries after a terrible fiedl at Chartres, 
and on September 28 George Chavez, the conqueror of the 
Alps, and the first to gain the glory of flying over that formid- 
able barrier, fell at Domodossola after having crossed the peak 
of the Simplon. He had gained altitudes of over 2000 metres 
without incident, to be killed during descent by a fall from a 
height of ten metres ! 

Such is the £EU;al list ! It is a long one already — sixteen 
aeronauts and sixteen aviators 1 All honour to the memory 
of thpse heroes whope Uyes hp^ye bp^ the rpnspm of progresst 



CHAPTER VII 
THE FUTURE OF AERIAL NAVIGATION 

Aebonaxttics and aviation : Appucations to war, 
CIVIL UFi, AND scientific investiqations : Eco- 
nomic IMFOBTANCB OF AEBO-LOCOMOTION 

DIBiaiBLES OR AEROPLANES? 

It now only remains for us to ascertain what is the future 
of this aerial locomotion^ which at present is so fiill of 
promise and has developed with a rapidity never before 
witnessed in the evolution of any other invention. 

And, above all, it is necessary to examine individually the 
possible applications of the two forms of aerial locomotion, and 
the two types of atmospheric vehicles — dirigible balloons and 
aeroplanes. To which shall we give the preference, and what 
is the future of each ? 

If one were to be guided only by public enthusiasm, a trifle 
** packed," and so strenuous in exaggerating the merits of an 
invention when it '' succeeds,*' as it is often slow to recognise it in 
its infancy, then aeroplanes, the last to come into popular 
favour, would be the only machines capable of widespread 
application. Scientific writers in the Press have submitted 
them already to all kinds of work, and they hasten to 
anticipate all the services which they must f ulfiUl in the very 
near fiiture, whilst they cannot defend themselves against a 
shade of disdain for the large airships which we saw 
perfected ** yesterday '' in the eagerness for that of *^ to-day." 

It is necessary to allay this premature enthusiasm a trifle» 
as it is prone to be overdone again. It is essential to avoid, 
in* the desire to advance too quickly, those galling experiences 
that occurred with motor-boats when the fanatics hailed 
them as the^ torpedo-boats of the future. The ridiculous 
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venture upon the transmediterranean race» which a little 
consideration would have avoided, and in the course of 
which all the boats participating, except one, were lost, must 
serve as a lesson and give food for thought to those organisers 
of too premature applications. 

Let us say at once that the future is immense, so immense 
that it is impossible to set it out in detail. But progress will 
be by evolution, and all that one can do actually is to indicate 
the broad lines. 

In the first place there must be no exclusion of either of the 
two qrstems, balloons or aeroplanes : both have their raison 
cCitre because they correspond to different requirements. 

When it is necessary to travel very rapidly, when, above all, 
progressive development has assured the perfect security of 
aviation apparatus, one will have recourse to the aeroplane. 
Without doubt we shall see *' aeroplane liners*' of large 
dimensions, carrying numerous passengers, securing sustentation 
with nothing but their enormous speeds. But these velocities 
would be attended with real dangers in case of landing, or, 
above all, a '^ mishap to the machine,*' because, if the 
apparatus sustains itself by high speed, it would not have 
sufficient supporting surfsice to keep soaring without the 
motor. Perhaps for this reason aeroplane liners will be 
reserved even for transatlantic passages, as the ** hull " with 
which they necessarily must be equipped would render 
landing less dangerous upon the water. Transatlantic journeys 
would be made at speeds exceeding 200 kilometres per hour ; 
that is to say, one catdd travel from Ewrope to the Umted States 
ma single day I 

But when this speed is unnecessary, it appears scarcely 
possible to disclaim the envelope charged with light gas, this 
*' bladder," as it is called disdainfully by some aviators, because, 
if it travels at less speed, nevertheless it has the advantage of 
sustaining the aerial navigator in the atmosphere without the 
need of mechanical energy. Consequently it assures safety, 
and should the motor of an airship break down one would 
be always master of the situation, or able to continue the 
journey ** before the wind,*^ if the latter were in the right 
direction; or to land, which with a capable aeronaut would 
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be possible always without very great risk, if one oarefiilly 
excludes the use of rigid airships, all of which have finished 
their careers in disaster at landing, because of difficulty in 
handling and the impossibility of deflating them. 

Moreover, an airship can carry many more passengers. It 
can convey them in greater comfort. When it will have 
attained its independent speed of 60 or 70, instead or 40 or 45, 
kilometres per hour, it will be able to set out practically at any 
time. Lastly, it can ** stop ** at any determined point in the 
aerial ocean, which the aeroplane, tributary to an indispensable 
sustaining speed, cannot do. Also I do not deceive myself in 
stating that its career is fetr from ended. It has no more 
than begun, and its development will be contemporaneous with 
that of the aeroplane. Let us now examine some of its 
applications to aerial navigation, and we will see then which 
is the type of locomotion best adapted to each case. 

MILITARY APPLICATIONS 

The perpetual tendency among nations to threaten to 
destroy one another by the most perfected means has resulted, 
first and foremost, in the application of aerial navigation to 
warfare. 

We all know how completely France secured an advantage 
over all other countries by the possession of a military 
dirigible, Za France, in 1885, whereas no other nation had one 
at its command. During the last few years the successive 
appearances of the Lebavdy^ La Fatrie, Ville de Paris, the 
JB^publique, the Bcuyard-CUmewty and the Zodiac (I omit all but 
the best) have shown Europe that France has an '' aerial navy " 
in being, available for the defence of her frontiers. We have 
pointed out also the progress (Germany has made in regard 
to dirigible balloons, and what an aerial fleet she possesses 
with the several OrosSy and especially with the Parseval vessels. 
On the other hand, the Zeppdina have given nothing but 
disappointment, whereas the French military aeroplanes have 
surpassed the fondest hopes they fostered at their dibut. 

What type of aerial vessel will serve the needs of warfare 
best? The airship or aeroplane? As *' combatants *' or 
«« scouts " ? 
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I fear, after what I have heard from officers who are more 
oompetent on this subject than I, that as a combatant the 
Mrship will not be used often. Aerial battles do not appear 
imminent because the installation of any artillery whf^TW 
on board dirigible balloons would be extremely inconvenient ; 
with regard to aeroplanes, their requisite high speed* and the 
impossiblity of ''pulling up'* practically prevent the use of 
cannon except of small calibre. 

There is one good use for the airship in war : that is to 
drop melinite shells (or some other still more devastating 
explosive that may be invented) from a height into a 
fortified area or a besieged fort. Here we are in the realm 
of the possible, and this utilisation of the airship is not 
chimerical. It is only requisite to consider if the ** result " 
would be very advantageous. 

But experience can offer testimony on this point In the 
United States it was proved with striking success under par- 
ticularly difficult conditions, especially in connection with 
aeroplimes. Such» therefore, opens up a certain sphere of 
utility in combat. France, who, through her aviators, has 
resumed the lead among the nations in the conquest of the 
air, now has a military superiority as incontestable as the 
existence of her aeroplanes, and accomplished aviation 
officers who, at the ''Circuit de TEst** and at the Picardy 
grand manoBUvres, excited admiration on all sides. 

Moreover it may be pointed out that aerial vessels have 
little cause to fear hostile projectiles — airships because of the 
altitude at which they are able to float, and aeroplanes on 
account of the heights they can attain, and chiefly owing to 
their speed. During the siege of Paris in 1871, only one 
balloon was captured by the (German troops ; then the pilot 
who controlled it was but little experienced in aerostation. 

Pausing to consider the possibility of an "aerial combat" 
between isolated imits, it is certain that if two hostile aerial 
vessels met in the air they would seek to destroy one another. 
If they were two aeroplanes, and unless the fire from a 
mitrailleuse of one put the motor of the other out of action, 
or rendered the aviators hors de combat, they would be unable 
to withstand the collision ; then there would be no conqueror, 
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no conquest; there would be only two aimultaneous catas- 
trophes. 

Would dirigibles, always cumbersome and relatively slow, 
much dread the pursuing speedy aeroplanes? Possibly not, 
because the aeronaut, when the aviator chased him in his 
speedy aerial skiff, would avail himself of a resource the 
efficiency of which is certain : he would rise by throwing out 
ballast He would fly up in a vertical line, that is to say, 
would ascend veiy rapidly, whilst the aviator could rise only 
obliquely, and then in a slight slepe, thereby executing zig- 
zags, in a word, ''vertically tacking.'' We have seen that 
Latham required forty-two minutes to rise 1000 metres 
at the Ch&lons camp. Lastly, whilst making its vertical tack 
to come up with the airship, the latter, more stable and able 
to carry, if not guns^ at least a quick-firing weapon, or in any 
case grenades, would have ample time to riddle its aggressor, 
and much more easily than it could by firing upwards, all the 
more so, because the artificial lurd would offer to the fire of 
the airships the large target of its supporting wings. 

Meantime, however, the aspect of this question has changed, 
inasmuch as aeroplanes do not fly near the ground as they did 
a year ago, but now rise to extreme altitudes — ^in fact, to much 
greater heights than dirigibles. The height record of the latter 
type is 1550 metres (Capazza on board the Bayard^CUmaU\ 
whilst aviators have attired and exceeded '2500 metres 
(Morane 2521 and Chavez 2562 metres respectively). The 
military value of aeroplanes, consequently, is increased from 
the fact that they can rise very high, and thus render 
themselves almost invisible to the enemy's artillery. 

To sum up, I believe, therefore, that aerial vessels will be 
poor combatants between themselves. On the other hand, they 
will be useful scouts, and this will comprise their principal r^U 
in the time of war. Dirigibles, being able to carry instruments of 
precision capable of stopping to take a photograph or to make 
telemetric measurements, will be extremely valuable to the 
chief of an army who has them at his disposal ; but aeroplanes, 
owing to their great speed, will be the instruments par exceUene$ 
for rapid reconnaissances, for ** raids " carried out over great 
; moreover, their capability of returning very speedily 
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to reoount what they have seen will render them still more 
indispensable than their '' larger brothers " to the general of 
the fiiture war. The Picardy manoBUvres proved the invalu- 
able services th^ can render to a commander-in-chief, and 
now that two officers can be stationed on board, a pilot and an 
observer, nothing can escape their rapid and positive investigation. 
For communication with besi^ed positions the aerial vessels 
will be unrivalled, and no longer will it be possible to isolate 
a fortress completely, what with wireless telegri^hy and a fleet 
of airships, or a flotilla of aeroplanes. 

With regard to uses in naval warfare, without a doubt 
these will be numerous. A cruiser can always have on board 
one or more aeroplanes ; it has even the mechanical energy 
necessary to launch them. It can consequently send one into 
the air to sweep the horizon, and a hostile fleet could not con- 
ceal itself easily. Moreover, aeroplanes will be able to drop 
shells upon the bridges of an enemy's vessels, and it will 
become necessary in the construction of warships to protect 
this vital point from aerial attack. Undoubtedly the number 
of submarines will not be increased, since aeroplanes peering 
vertically into the waters of the ocean will perceive the torpe- 
does and submarines at a very great depth, whereas from ^e 
surface of the sea they could not be seen at all, owing to the 
obliquity of the visual rays coming from less distant points. 

Will battles then be decided solely under the waters ? Mys- 
tery and horror I Let us hope that these events will never 
come to pass. 

APPLICATIONS TO CIVIL LIFE 

What will be the ** civil ** applications of locomotion in the 
air } Evidently they will be numerous and varied, and it will 
be possible to travel either by '' public service '' or by private 
vehicles. 

Undoubtedly the latter will come first into vogue. Private 
airships and aeroplanes will for a long time yet be vehicles de 
luxe, I may even say of great luxury, and only those privil^ed 
by Fortune, or those who wish to appear so, will be able to 
make avail of their use. But did we not see the same develop- 
ment in regard to the automobile? Will not the desire to 
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appear, like '^ our friends/' in a dizzy aeroplane, turn society 
upside down? without speaking of the fascinations of the 
" special costume '* which the enterprise of our great dress- 
makers will not fedl to bring out at the happy moment, and to 
charge for accordingly I It cannot be denied that speed has an 
irresistible attraction ; it produces peculiar sensations, a verit- 
able intoxication, and to taste these sensations combined with 
a decrease in the time occupied on a yoyage will be one of the 
next forms of refined luxury. Besides, does not the reducticm 
in the length of a journey increase the available time for other 
things, and therefore does it not, in an indirect manner, 
lengthen the span of life 1 

Among these vehicles de luxe aeroplanes will be the 
'* racers ** : they will travel rapidly ; will be able to carry two, 
three, or more persons. They will displace the high-speed 
automobile in which fanatics hurtle along at some 80 kilo- 
metres per hour; only in the air it will be ''some 200 kilo- 
metres per hour." Those who are content to travel quietly 
and in company, and who are possessed of the '' wherewithal,*' 
will favour dirigibles. Before long these will- travel at 60 or 
70 kilometres per hour. Certainly it is highly enjoyable to 
have an extensive uninterrupted view, and without having to 
stop on the way. Let us point out, moreover, that if by a 
head wind the speed of the wind curtails that of the balloon, 
on the other hand, when the wind is following, the two speeds 
have to be combined ; and in choosing his wind — that is to 
say, the day for his trip, which is possible to those of indepen- 
dent means — one will make ''some 100 kilometres per hour'' 
in an airship, with the additional advantage of comfort obtain- 
able with this " travelling coach " of the air. Then, without 
doubt, numerous sheds— " hostelries for balloons" — ^will be 
distributed along the great highways, and one will be able to 
stop en route, as is now possible on motor trips. So far as 
" public transport by airship " is concerned, this stage has not 
been reached yet. The unfortunate efforts in this direction 
by the DeutaeUa/nd, the last Zeppelin, to be destroyed, whereby 
a series of regular journeys was inaugurated ambitiously, and 
in the course of which a dozen travellers almost met their 
deaths, shows us that this application is still premature. 
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Let us remark, though, that for some time yet the greater 
bulk of the population will have to go on foot, by motor, 
boat, or raUway. The high aerial speeds wiU be a luxury or 
sport 33ie oonveyance of merchandise will be always by 
land or water. Such will be accelerated, but I do not think 
that for many, many years one will consider despatching goods 
over the aerial highway. 

And yet the public authorities of the different European 
nations are engrossed in this great problem. Aerial navigation 
in effect eliiidnates frontiers. If ever it assumes sufficient 
extension to permit of the transport of merchandise the 
days of the ''customs** and their enormous revenues are 
numbered. 

As a matter of &ct, was not the first InUmcUicnal Diplamaiie 
Aerial Ncmgaium Conference^ held at the French Foreign 
Office in Paris on May 18, 1910, called to discuss and control 
this question of commercial transport over the aerial highway, 
as much as questions of military import ? All the European 
Powers were represented, and the author of this volume had 
the honour to be one of the plenipotentiaries. 

The work of this conference was of such importance that 
it was not concluded at the time this book was published, and 
the international code in regard to the atmosphere is not 
promulgated yet. 

Nevertheless, there is one phase of transport which will use 
the highway of the wr, and perhaps more so than we 
anticipate. This is the ** Post Office *' for the conveyance of 
correspondence. I believe that before long *'mail" will be 
sent aerially, and for this aeroplanes will be vastly superior 
to balloons. Being able to set out at any time, travelling at 
enormous speeds, they will carry letters and valuables. It will 
be easy to despatch them, one after the other, in all directions. 
Thus we shall have ** hat-bands ** for '' aeroplane messengers," 
who will go direct from city to city every hour, or even more 
often. The only interruptions to such service will be on 
days of heavy storms. Then it will be necessary to trust the 
messenger to express trains, which will travel at fur greater 
speeds than now. Even then distant points will complain 
bitterly of intolerable delay. 
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Undoubtedly the appearance upon the scene of aerial 
yehides will modify profoundly the conditions of our exist- 
ence, but it is not necessary to count upon this change coming 
too quickly. It will be some time before we see *' aero-taxis,** 
and the transit in towns will be maintained for many years to 
come by terrestrial yehicles. But it is certain that some day 
architects will feel compelled to cater for the aerial vehicle 
with elevated mooring-stations. R00& will disappear in favour 
of flat terraces suited to launching and landing. Probably, 
however, departure will not entail more than a short running 
start. Such will be made in situ, because the flying apparatus 
will be, without a doubt, a combination of the helicopter and the 
aeroplane, an association which will assure security in the 
descent in confined areas and at a very great speed. Perhaps 
upon these flat roo& of large hotels we may even see sheds for 
airships i Certain it is that the ** future city " will not have 
quite the same appearance that it possesses to-day. Wealthy 
residents will always turn their ambition towards the clearer, 
healthier, and less congested air. 

SCIENTIFIC APPUCATIONS : EXPLORATION OP 

UNKNOWN COUNTRIES 

One of the first applications of the new locomotion will be 
of a scientific nature, and more especially of a geographical 
character. The facility in moving above all the obstacles 
with which the surface of the earth bristles renders it 
eminently suited to the exploration of unknown continents, to 
traverse which no means of communication exist. 

One knows how difficult and dangerous is the exploration of 
the mysterious countries, such as those of Afirica, the centre of 
Asia, and Central South America, whilst the torrid climate, the 
dense vegetation forming impenetrable obstacles, dangerous 
animals and hostile natives, seem to league against the 
explorer iiu^oiently bold to venture into those torritorien 

where the foot of a European has oover trodden. 

Alio, whftb hUakn nk% itiU upoa the mapi of AMoai Aidft» 
Attitifi^ai Boutib AmuAnt i&d the ?dif rerioaii Afotie and 
iAtuoyot Eow ilowlji in iMt, aie geogM^^Oil dlMorerlM 
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by ^'crawling/' so to speak, OYor its sorfBtoel When the 
explorer advances through the torrid equatorial regions, when 
he must toil through the bush, it is as much as he can 
cover from 5 to 20 kilometres per day. This is the average 
advance of an exploring expedition. If a passage must be cut 
through the dense primeval forest by hatchet and axe the 
advance is slower stiU. In exploring the glacial lands of the 
Poles, the " icefields'' of Greenland, Spitzbergen, or of the 
Antarctic, it is not always in kilometres that the distance 
between the daily halting-points is figured. Furthermore, the 
privations and dangers are proportional to the road traversed 
each day. 

What is the data which the geographical traveller secures 
in the face of such innumerable perils ? Does he bring back 
the complete map of the country he has penetrated at the 
risk of his life ? No, unfortunately, because in order to prepare 
a complete survey of a region it is necessary to stay there a 
long time, and to travel in all directions. More often than 
not the explorer shows merely his itinerary, that is to say, 
only the country ''fringmg'' the path which he followed. 
Certainly he will record what he sees to the right or left 
of this route, will indicate the hills and mountains which 
he has perceived on one side or the other, with their distances 
and heights, estimated according to ^'bearings.'' But they 
will only widen his ** fringe '' slightly without giving a general 
map. Moreover, the regions described in this manner will be 
rather more indicated than charted with essential geographical 
precision. 

In reflecting upon these difficulties one can understand the 
existence of the ** white spaces " in our atlas. It is marvellous 
that man has been able to gain such actual knowledge of 
the Earth in face of the passive hostility of an unknown 
country. 

All this time, however, although we have been powerless 
to learn the details of the surface of our own planet, 
astronomers have succeeded in gathering all the details of 
the surface of the sky, to enumerate up to a very extended 
limit the brilliant stars which are sprinkled above us — 
briefly, they have made a map (f tke heavens. 
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They have evolved it, moreover, through a unanimous 
understanding among the civilised nations; they have pre- 
pared it by a surveying method which furnishes indisputable 
testimony — ^photography. The photographic plate, as was said 
happily by Janssen, is the " retina of tibe savant,'' but a retina 
which retains the impressions it receives. 

Hitherto, certainly, it has been impossible or, at the very 
least, difficult to apply photographic processes to the representa- 
tion of terrestrial surfaces in die same manner as in the pre- 
paration of the map of the heavens. In short, one had no 
means of ** seeing the earth from abova" The balloon, and 
captive at that, was the sole method available, and it was 
scarcely able to provide more than ** local " views of the country 
beneath. Then, to obtain sufficiently numerous photogray^hs 
it would be necessary to tow a captive balloon across the 
continent to be explored, and consequently to transport it, 
and its accessories, by means of a caravan. Up to now this 
difficulty has never been overcome. 

Now, on the other hand, the dirigible balloon furnishes us 
with the solution so much desired, and I believe that it will fulfil 
it in a complete manner, thanks to the addition of topographical 
photography in the form so excellently and so precisely devised 
by Colonel Laussidat about 1852. 

Let it be pointed out at once that taking only the road 
traversed, and even if it were kept within certain limits, the 
dirigible aeronaut-explorer, by vertically photographing the 
earth above which he manoeuvred, would be able to obtain a 
route survey of a superior character to that which explorers 
travelling over the surfeMse of the ground would be able to evolve. 
Indeed if, for example, he stood at a height of 1000 metres 
while photographing the earth beneath with an apparatus of 
which the wide-angle lens had a "* field " of 90 degrees of angle, 
and a focal length of 20 centimetres, he would obtain a photo- 
graph which would be a topographical map on the scale of 
•^^ifjf* But this map would be both exact and complete. It 
would be possible to obtain numerous photographs, and by 
placing them side by side one would have the detailed and 
correct topography of the route followed by the airship. 
Furthermore, as the latter would travel at 58 kilometres per 
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hoiir» the explorer could take more maps in one hour than the 
ordinary explorer could make in three days^ and it would be 
done without danger, without fatigue, safe from the attacks of 
natiyes, and protected aboye all from the onslaughts of poison- 
ous insects, from marshy miasm®, which are the greatest 
enemies against which explorers haye to contend. An airship 
of to-day (as many dirigibles haye demonstrated) can trayel for 
38 hours without descent. Therefore it would be possible to 
make an outward journey for 19 hours, allowing 19 hours for 
the return trip, anchor for the night, and in this manner 
explore the country within a radius of a circle of 1000 kilo- 
metres, which would take a trayeller from 40 to 60 days to 
pass oyer. 

But, notwithstanding the already yery marked superiority 
of an aerial yoyage from the point of security, speed, and the 
data obtainable, Uie point arises as to whether the results would 
justify the despatch of a dirigible to an accessible point of 
the continent which it is desired to study. Howeyer, then one 
can and must rely more and rather upon the collaboration of 
the dirigible and the camera. 

Let us state at once that the dirigible will be improyed 
greatly within a yery short time; its present speed of 50 will 
be increased to 60 kilometres per hour; its yolume will be 
augmented, and in place of 3000 to 3500 cubic metres it will 
haye from 6000 to 8000 cubic metres while still preserying 
its '' elastic " construction and not feJIing into the drawbacks of 
the rigid balloon. Airships of this yolume are already in 
course of construction in Paris. If, under these conditions, 
one is content with a speed of 50 kilometres per hour, which 
is magnificent, one will be able to carry sufficient fuel for 
a continuous yoyage of 50 or 60 hours, which means 25 to 30 
hours for the outward and the same for the return journey. 

But in 26 hours a baUoon trayelling at 50 kilometres per 
hour would coyer 1250 kilometres. It can descend during 
the night when photography is impossible, setting out again 
the next day and eyen stopping en route if necessary. The 
perfection of the special balloon '* fabrics," and the judicious 
use of the air-ballonnet, enables the balloon to remain in the 
air without any loss of gas, and the airship Patrie, which was 



FUTURE OF AERIAL NAVIGATION S25 

perodYed floating in the North Sea ten days after the storm 
tore it from its anchorage, shows the strength of the modem 
airship. We are able to eay that airships of from 6000 to 
8000 cubic metres volums, and having from 1000 to 1200 
kilometres *' radius of action '* are in course of construction. 

Consequently, in selecting convenient ''centres" for 
establishmg aerona%Uical stations, centres which will coincide 
with inhabited and accessible points to which one can easily 
convey the material and personnel, one will be able to cover 
a continent with a network of circles of 1000 to 1200 kilo- 
metres radius, each of which can be traversed by an airship 
carrying the explorers and their instruments in 20 or 25 
hours. Fig. 81 shows how one can apply this system of 
exploration, which is so simple, so rapid, and so safe, to a 
prescribed region. 

The centres indicated in this example are accessible. Two 
are in French, two in English, and one in Belgian territory. 
They are Timbuctoo, the shores of Lake Tchad; Leopold- 
ville, for the Belgian Congo; Dongola and Lake Albert for 
the English stations. In describing about these centres circles 
of 1100 kilometres radius it is seen that the whole of Central 
Africa can be covered thereby, and the circles even '' overlap.'' 
Therefore the exploring traveller in his dirigible can touch 
every part of the unknown country. Even the provision and 
the maintenance of the aeronautical stations for die immediate 
return journey may be dispensed with, as it can halt at a 
different centre to that from which it set out, which may 
be of great value in case of an unexpected storm. In 
this instance I have confined myself to Central Africa; by 
adding a sixth centre at Dakar tJie whole Mauretania would 
become ** exploraUe.'' 

Would airships which accomplished these expeditions be 
limited to securing *' route photographs " ? No, they would 
do much better, thanks to Colonel Laussedat's process, the 
principle of which I will explain in a few words. 

In 1852, Colonel (then Captain of Engineers) Laussedat, 
impressed by the advantages that photography would afford 
in the compilation of maps, evolved a means of preparing 
topographical surveys by means of Daguerre's invention. For 
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this purpose he employed not one photograph, but two, taken 
from the extremities of a long known so-called base. If one 
knows the angle of the lines of vision of the two apparatuses 
which have their optical axes turned towards the same pointy 
from the two extremities of this base, one has a triangle, 
the two photographs taken simultaneously from which enable 
one to build up the actual structure. It is in fact '* plane 
table" topographical surveying, with this difference, that 
instead of carrying out the graphic work upon the spot, 
one ''carries die ground with him" and completes the 
work in the drawing office. 

This excellent method is even capable of simplification. It 
suffices to place at the two extremities of a *' base,'' the absolute 
length of which is known, two cameras, the objectives of which 
have their axes absolutely parallel, and to actuate their shutters 
at the same moment, which is a very dmple matter with a 
battery and two electro-magnets. From these two photographs 
one can compile the map of the country up to the limits of the 
visible hori2on by means of Dr. PulMch's remarkable instru- 
ment, the stereocampa/rateur, built by Zeiss, the eminent optician, 
one of which is retained in the museum of the Conservatoire 
des Arts et Metiers. A most renowned German Geodesian 
Professor, O. Hecker, of the Potsdam Geodesical Institute, has 
shown how one can make the most of this process. 

And this simultaneous use of the parallel two cameras at 
the ends of a base of known length is possible on board a 
dirigible of the Bayard-CUment type, for example. The rigid 
and indeformable car, of which the length is 28 metres, will be 
the supposed base. The two cameras will be fitted perma- 
nently at its two extremities ; their distance apart is at one 
and the same time definitely known and invariable. On board 
a dirigible Of the largest dimensions the same two cameras 
could be installed about 50 metres apart, thus having a still 
more effective base. The photographic data necessary for the 
compilation of the map by the aid of the stereooomparateor in 
consequence will be absolutely correct. In this manner it is 
not merely a route survey obtained by photographing ihe sob* 
jaoent ground that the aeronauts wiU bring back with theii» 
These are the component parts for a '^geographical map** aa 
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hi as the limit of the visible horizon, a map oorrectly "* fixed " 
both vertically and in distance for planimetry. Thus a fsw 
aerial expeditions made in the interior of one of the circles of 
which we have spoken will more than suffice to furnish the 
map of the entire coun- 
try included therein. 

But in order to render 
this endeavour practio- 
able» the assistance of 
several nations is neces- 
sary. The map (Fig. 81) 
shows that for Central 
A£rica that of France, 
England, and Belgium 
would suffice. The cost 
of an expedition of this 
nature would be infinitely 
less than that incidentiJ 
to ordinary expeditions 
achieving the same re- 
sults. The time would 
be perhaps one hundred 
times less, the precision 
would be superior, and 
the dangers would be 
diminished very appre- 
ciably. 

So far as concerns the 
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oountry adjoining the French North African possessions, no 
places would be missed where it would be possible to 
dirigible depftts. 

tniis system of working is not only applicable to 
The whole of the ** Matto *' of South America, the intericMr 
of Australia, as well as that of Asia, could be explored in 
this manner with material results through the co-operatkm 
of the interested Governments. Thus it would be possible to 
oomplete the *' map of the earth," which, indeed, is the leaet 
that might be done, inasmuch as the photogra{diio map of the 
heavens has been completed. 
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With regard to the North and South Polar Regions, nn^ 
doubtedly it will be in this manner, and in this manner only, 
that we shall be able to learn their ge<^raphy oompletely and 
quickly. We know how slowly explorations are able to pro- 
ceed after the yessel is left— that is to say, in the same 
manner as one explores a new country. It is only by heroic 
effort that Polar explorers have made their perilous discoveries. 
Consequently it will be by dirigible that it will be possible to 
study the glacial regions, not only in the yain curiosity *^ to 
reach the Pole/' but to learn scientifically the geography of 
the axial caps of our terrestrial globe. To have dreamed of 
this five years ago would have been madness, but in view of 
the achievements of the present-day airships, it is a feasible 
possibility. The distance from Spitzbergen, where one could 
establish a station, to the North Pole, is only 1300 kilometres 
(720 knots). Thus it is within the limits of dirigibles, when 
such have been perfected. Likewise, to solve the problem of 
the complete exploration of Greenland, a station at Upemiwick 
would be adequate; for the Arctic archipelago of North 
America a station on Hudson Bay would permit the aerial 
exploration of almost its entire area. 

Let us point out that in the Polar regions, in the time of 
the solar summer, the day is continuous. Therefore^ the bal- 
loon, would not be subjected to variation in its ascensional 
effort, and would have no need to descend, so that photor 
graphy would be possible throughout the journey. Condi- 
tions fox safety on the voyage among these deserts of ice, 
destitute of aJl resources, would only demand the use of 
several airships, following one another at some distance, and 
capable of extending mutual assistance in case of necessity. So 
fBx as the Antarctic is concerned, its exploration would be more 
difficult, owing to the extent of its surface, and, above all, the 
remoteness of its shores from civilisation. It would be necessary 
to establish special stations, and the '* raids '' that would have 
to be carried out by the airships would have to exceed 2000 
or 2600 kilometres outward, as well as retunu^ Undoubtedly, 
therefore, this will be the last part of the terrestrial globe that 
will be made known in regard to geographical details. 

A clever Austrian officeri Captain Scheimpflug, has ventured 



FUTURE OF AERIAL NAVIGATION 229 

into the realm of practice, and by the eid of an apparatus 
eomprising several photographic cameras inclined towards the 
horizon, and grouped in the form of a star about a central 
vertical chamber, has secured some magnificent topographical 
maps on the scale of -^zhru* 

The aerial exploration of unknown contruents is quite pos- 
sible by means of dirigibles. I do not overlook the practical 
difficulties that stand in the way of realising the theoretical 
It is essential to study climatic conditions, winds, and other 
£BM)tors incidental to particular tropical countries. But 
these difficulties can be overcome, and the aero-photographio 
exploration of the earth will be made, because it is imperoHve 
that such should be effected. We live in a hustling century, 
and our geographer will not tolerate the remissness in exploring 
the surface of our globe much longer. 

So fieur as aeropliuies are concerned, I do not think that they 
will take part in geographical exploration so long as they are 
not provided with sustaining screws to permit them to remain 
stationary in the air. In their pres^it form the impossibility 
of ** stopping ** prevents recourse to photO'tapography therefrom. 
But they will be valuable auxiliaries in the sense that by 
rapid reconnaissances made at high speeds, they will be able 
to indicate the most interesting points of which it will be 
useful to have a detailed map, and upon which the dirigibles, 
after their indication, can be engaged. 

There is one other application of dirigibles and aeroplanes. 
ISus sphere in which their use will be extended, is the necessity 
to learn, by careful study, the laws of atmospheric circulation 
in the highest and middle altitudes. As a matter of fact we 
scarcely know anything about the laws of this movement in the 
immediate neighbourhood of the earth, and but for the work 
of the Prince of Monaco upon the ocean, and those of M. 
Teisserenc de Bort by means of kites, Erance would be very 
much behind other, nations in this respect. 

If it is desired that aerial navigation should develop as it 
ought, the further exploration of the higher atmosphere is 
mgent. The increased knowledge that we can acquire in this 
way will be completed, if not exclusively furnished, by savants 
travelling in dirigibles and aeroplanes. 
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THE INDUSTRIAL MOVEMENT CREATED BT AERIAL 

NAVIGATION 

Not one of the least benefits to locomotion tliroogh the ftir 
is the creation in a few months, as if by the wave of a magio 
wand, of a new industry, and the development of a consider- 
able commercial movement the significance of which it is 
impossible to indicate. 

In the fibrst place the generous initiative of M. Henry Deutsch 
speedily found many imitators. There are several thousands 
of pounds offered as prizes for aviation in France alone. The 
Osiris legacy endowed Fraich aeronautics by £4000, which the 
Acad6mie des Sciences divided between the constructors, B14riot 
and Voisin. Through the generous and active initiative of 
M. Barthou, Minister of Public Works, whose brother, M. Lfon 
Barthou, Vice-President of L'Aero Club de France and an 
audacious militant aeronaut, the public purse has voted a 
subvention of £4000 to aerial navigation. Let us add the 
prizes won already and the total becomes imposing. Tet that 
is only for ''encouragement"! May we see a little of the 
amount effectively disbursed. 

The French have at the present time several dirigibles— 
LAavdy, Nomcy, Ville de Pau, and Ville dt Paris; the Pairie 
and the B^jmbligw were destroyed by accidents, but they have 
been replaced. There are also the Lib$rU, Colonel Senard, the 
ZimUnoTd Chauri, the Captain MwrMial^ fta In addition to 
these there are the Bayard-CUmml, ViUe de Bordeaux, Zoiiam^ 
Pelffigttte, and Bussie (built in French workshops), &c. That 
totals in all twenty important dirigibles built in four years. 
When one recollects that each costs on the average £12,000, that 
represents £240,000 ; but it is more than £240,000 if one takes 
into account the sheds and the money expended upon experi- 
ments. I do not take into consideration the numerous efforts 
of MM. Santos-Dumont and Comte de la Vaulx; of the 
attempts of MM. Mal6cot, Mar^y, and others. By adding all 
together one obtains for this period of infancy and experiments 
<A Aggregate well over £600,000. This is an economic aqieot 
of the question that one must not overlook, especially if ono 
leflects that we are yet only in the early stages* 
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And aeroplanes! It is by the hundred that one counts 
their construction now. The money expended upon an aviation 
apparatus is less than for an airship, that is certain, but it is 
precisely for this reason that a v^xy large number of persons 
are participating therein, and it is by hundreds that it is 
necessary to enumerate them at this moment. If one admits 
that cadi, including the trials» re[M*esents an outlay of £800 
(and we underrate the truth), we thus amye, under this head, 
at many thousands of pounds. And here the development has 
been more rapid since the true experiments in aviation do not 
date back more than eighteen months. If one keeps account, 
moreover, of the money expended in fruitless experiments, in 
repairs, in expenses of all kinder the balancoHsheet of aerial 
navigation, both dirigibles and aeroplanes, shows a money 
movement of more than £2,000,000 during the past five years. 
That is excellent for a start 

And this is only in France. The whole world knows what 
enormous sums (Germany has expended upon its military 
dirigibles : it exceeds 30,000,000 marks already. In England, 
the United States and Italy the movement is equally important 
Aerial locomotion has given birth to an industry which 
appears likely to undergo a tremendous expansion. This 
industry teeates a financial reflex because in France alone 
fiiumerous limited eompania have been established^ representing 
a total capital of over £800,000. There are many others, also 
very important, abroad. 

The Bourse has become entangled because, rightly or 
wrongly, speculations have already taken place in these new 
stocks. Moreover, owing to the incredibly rapid development 
of aerial navigation in its two forms, the civilised nations are 
preoccupied in a grave queeUon-^^' international legislaticm " 
over the air. Upon the invitation of the French Government, 
which sent a detailed ** note " to the different Powers, an 
" International Conference," as we have mentioned, was held at 
the Foreign 0£Sce in Paris cm May 18, 1910. Aerial navigation 
figures consequently in the ** European Concert" May the 
heavens never be the cause of strife. 
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WHAT REMAINS TO BE DONE 1 

Now what progreBS remaiiis to be accomplished in ordw 
that aerial locomotion may maintain its excellent prospects 
for the future and in order that new conquests may justify 
the enthusiasm provoked by its glorious d6lnU t 

In connection with dirigibles the first condition will be to 
obtain at once a speed of 60 kilometres per hour at least, so as 
to reduce to twelve or fifteen days per year the period of 
compulsory idleness. Then it will be necessary to increase 
their volume so as to increase the fuel-carrying facilities finr 
participation on lengthy voyages; in a word their radiuM of 
action must be extended to 1000 or 1200 kilometres. I 
consider this indispensable. Also it will be available {ot 
armies and exploring expeditionSi as we have mentioned. 

But as the possibility of any accident to the motor muab be 
prevented, it will be necessary to equip them with two 
independent engines and two propellers. Thereby the failure 
x>f one engine will not bring about disablement, or compel 
landing at some place where an accident may result. The 
balloon fabrics will be perfected still more, and will enable 
an airship to remain inflated for fifteen, twentyi or thirty 
days without taking another charge of gas. Certainly their 
construction will be improved, and one will learn the best 
means to avoid the cause of that '* farmentation ** of the rubber 
which is incorporated therein, and which may render the 
dirigible's envelope useless. 

But one thing which will be requisite, in (ACt imperative, 
will be the construction of numerous sheds, landing staticms and 
shelters. By this means, and by this means only, will the 
airship be able to render great service, not only in France, 
but in the colonies. 

With regard to aviation apparatus much remains to be accom- 
plished. At first it will be necessary to increase their security to a 
great extent,andto assure automatically their lateral equilibrium. 
We have seen that it is compulsory to increase their speed up 
to 160 or 200 kilometres per hour, velocities which we shall 
witness soon without a doubt. And at the same time 
it will be necessary to reduce the dangers of shocks at 
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landings dangers whioh will inorease in proportion as the 
supporting sur£Etoe will be diminished, beoause of the 
progressive increase of the speed of the aerial vehicle.. It 
will be essentialt more so than in balloons» to equip aeroplanes 
with two independewt motors, each of which alUyns will suffice 
to assure sustentatk)n and propulsion. In this manner only 
will it be posidble to reduce to the minimum the risks of an 
aerial journey. The number of the devices for steering and 
contr6l of the motor must be restndned to the minimumt so 
that the pilot has less to do. The facilities for accommodating 
passengers will have to be improved ; it will be necessary to 
increase the radius of action, which now scarcely equals two or 
three hours' actual travelling at 80 kilometres per hour; 
special safety arrangements for cases where the aeroplane will 
have to descend upon a lake, A river, or the sea must be 
provided. 

It may be said, generally speakingp that future progressive 
development is associated with the light explosion motor. It 
is not necessary to carry the latter to an extreme d0gree if 
durability is desired— 4hat is to say, if embarkation upon long 
journeys is in view. Greater lightness may be al^mdoned, 
effort devoted towards a type similar to the excellent auto- 
mobile engines which now are so perfect, so reliable and 
constant in operation. The recent exploits of Farman and 
Sommer flying with two and three passengers show that 
without abandoning the existing type of aeroplane it is possible 
to use heavier motors which, as a result, are stronger. Then 
I believe that aviation will record greater advance akid become 
possible of making voyages of longer duration than hitherto. 
All serious accidents have been caused more or less by defects 
in the motors. It will be necessary particularly to improve 
earburation to the maximum degree, and to use petrol only of 
a known composition, exceedingly pure, and exempt from the 
least trace of water. It is equally vital, in order to secure the 
perfect running of an engine upon which their lives depend, 
for aviators to be extremely careful, even *' {uasj,*' like Count 
Lambert, for instance, and to filter their petrol themselves, not 
only in order to remove solid impurities, but to make sure 
there is not the smallest drop of water associated therewith. 
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And above and before all, tbe neoeeaity of lamnyMmg from 
level ground must be BuppreBsed, sinoe such may be unavail- 
able, aSi for instance, in a mountainous or forest country. If 
this obligation be persisted in, it will be a serious obstacle 
against the general application of aviation. 

This is the goal to which the efforts of the investigators 
must be directed now. Flying machines must be able to 
'^ rise from the spot" ; then they will have an immense future, 
and maybe we shall see ofropIofM-Kners ploughing the air with 
numerous passengers, whereas as yet we have only oeivptaiM 
hifiA. Possibly this development will be the first-fruits of that 
*" aeronautical institute/' for the foundation of whidi M. H. 
Deutsch offered a million francs to the Universit6 de Paris, at 
the same time as M. Zaharoff gave £28,000 to found there a 
chair of aviation. 

Now we arrive at the last lines of this volume. In writing it 
I have not been able to defend myself from a feeling of 
** human " pride, which I am sure the reader will share. As 
a matter of fact, is it not magnificent to think that man, so 
insignificant in Nature, so feeble in comparison with the forces 
<tf the universe, even so weak in reference to many of the 
living species, has been able, thanks to the inspiring effort of 
his brain, to tame the elements, to conquer them, and to 
become their master f That domain of the air, which seemed 
pr(^bited to him, he has penetrated, soon will govern it as he 
holds sway upon the earth, as he prevails upon and under the 
waters I Certainly the history of all his conquests is magnifi* 
cent, but I think that undoubtedly the most &soinating is that 
which we have described. It is that by which man has at 
last freed himself from servitude upon terrestrial soil. He 
has broken the fetters that the laws of balanced weight 
imposed upon him by the speed of his machines, and now, 
henceforward free of all shackles, he will be able to dash 
without hindrance along the "* Highway of the Air." 
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Som of our mdars p«rhap0 will be deBuous to learn in a more precise 
form the laws conoeming the reeistanoe ci the air. For such we set 
forth in the following Imes the essential formuln for aeronautics and 
aviation, 

(A) BssiSTAircE or thi Anu — ^In the case of a sorfaoe of which the 
plane stands perpendicular to the direction of displacement, the 
resistance ci the air is given by the relation 

(1) R-^V« 

in which 8 is the moving surface, expressed in aquare metreB^ Y the 
velocity of displacement in metres per eeoond, R the resistance in kiUh^ 
grammee and 4 a numerical ca-^^EoMiUctf which the value is only known 
with doubtful certainty ^t varies according to the ezperimentera, 
between 0*08 and 0*16. Marine engineers for calculaticms concerning 
the propulsion of vessels by the wind take the number 0*125, the result 
of very ancient practice. Still the number 0*08 is the mean of 
more recent investigations by Le Dantec, Senard, Eiffel, Oaalletet, and 
Oolardeau). 
The formula (1) corresponds to the case of Kg. 1. 

(B) BisiSTAKCB or THB Am XTPON AS Obliqttb Subtaob.— This is 
the case of the theoredcal aeroplane, corresponding to Fig. 44, in 
which we designate by t the an^le of the surface of the aeroplane with 
the direction of movement (angle of attack). 

The thrust P moving against the oblique surface is expressed 

(2) P-^SVVW 

f{i] being an action of the angle i. This action is simple and must be 
of the form 

/(»)-Xsinf. 

With regard to the value of X, it is given by formute which differ 
according to the eavante who have enunoiated them. Here are the 
three whkii are the most used : 

2 
<^ J ^ ■ l4.gm*j (CWonel DudMOun) 

(4) X->a-(a-l)8inSf (CUonel Benard) 

in wfaidi « fa a nomber between 1 and 3 and more in the nsidUMNir* 
koodof2; 

2S5 
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andlasUy, 

. l-migi 

(1+m)* 1+m^ ^ 

formula in which m is the ratio, j^ if one oalb 21 the qftead of the 

surface and 2h its dimension m (Ad cNnse^ion of trawl; m oon- 
eequently depends upon the eUmffotion of the surface as well as X. 

At all events X varies with the angle t. Let us call Xo its fnacm 
value and let us admit : 

we have then for expression of the normal thrust bearing upon a flat 
plane, in the case of an angle ci attack small enough to d^w itM^thout 
confounding the arc with its sine : 



(6) P- 

the angle t was expressed in the function of the radius. 

N.B. — ^Many^^uthors often confound K and f; it is important to 
avoid this confusion. 

{0) Position of the Obntbb of Prissttbb (or centre of thrust). — In 
reverting to lig. 48 which graphically expresses as the result of 
experiment that the centre oi thrust is drawn m^e to the front edge 
of the moving surface, one has to calculate the distance d between tUs 
centre and the centre of the diagram of the moving rectangle^ by the 
formula conceived by the engineer M. Soreau. 

2h being the dimension of the rectangle in the direction of traveL 
Avansini's formula, a little simpler, is the following : 

(8] (2-0*6 A (1- sin t] 

(2>) H. Beboxi^s Speed Formula fob Dibigiblb Balloohs. — ^This 
formula is 



CVs" 



(9) V-CVs 

in which V is the n>eed in mt/riameire$ per howr^ F the engine effort 
in horee^'pciwer^ S the surface of the maTrimum transversal section in 
square metrest and O the ca-effi/danlt of advantage ci the airship (see 
Table on page 94). 

(E) MBAsuBSfG THE Sfebd OF AsBiAL VnHTOfiBS, — ^This operation^ 
indispensable to aeronauts, and which will he to aviators also as soon 
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as the7 can undertake vcnragee of some duration, is simply effected bjr 
means of the appuratus ol the engineer Joanneton of which front and 
back views are uiown in Plate XXl. 

The apparatus is a copper quadrant one face of which carries an 
eDmved** table" over which moves a rule. This rule indicates bj tiie 
aid of }-ratio geanng, the part of the angle at which tarns a mirror 
with which it is soUd and which projects from the back face. The 
aeronaat by the aid of a small telescope sees in this mirror the image 
of some arbitrarily chosen point upon the ground (a tree, steepte, 
bmlding or what not), and follows this object far CfM minuiU while 
turning the mirror in such a manner that the image always rests in 
the field of the telescope. There is nothing more to do than look upon 
the ** table," to see the intersection <A the rule with the line of altitude 
shown by the barometer; the abedssa of the corresponding point 
indicated upon the horizontal edge of the quadrant gives the speed in 
kilometres per hour. 

The apparatus^ weighing about one kilogramme^ owing to its weight 
hangs like a plumb-bob in the desired position : it is sufficient to hang 
it up by a cord and a ring to the suspension ring of the car. 



GLOSSARY OF FRENCH AERONAUTICAL WORDS 
ANGLICISED BY THE TECHNICAL WORDS 
COMMITTEE OF THE AERONAUTICAL SOCIETY 
OF GREAT BRITAIN 

PRELIMINARY REPORT 

In view of the somewhat confused state of aer<mautMal terminology 
at pres^oit prevailing, a Teohnioal Words Oommittee was appointed hf 
the Aeronautical Society of (keat Britain to draft a list of tedmioal 
terms relating to aeronautics^ and to define their meaning. The wc»k 
of the Oommittee has proceeded along cfystematic lines* and has already 
resulted in the compilation of a glossary of the more general tenns in 
use. It was deoided» therefore;, to issue this list forthwith, in the form 
of a Preliminary Report, as it covers fairly well the technical vooabulaiy 
involved in the ordinary course of aeronautical work. In due course, 
the Oommittee hope to issue a glossary covering the whole range of 
aeronautical terminology, hut the work of seledaon and definitran is 
neceesarily slow when conscientiously undertaken. The Committee 
wjsh to draw attention to the fact that they have aimed at making their 
definitions of technical terms as simple and commonplace as possihle. 
The definition of ordinary dictionary words that are sometimes used 
technically has, as far as possihle, been avoided, in order to give that 
latitude of expression so much desired by all writers. In a few cases 
where certain words are used in contrary senses by different schools of 
writers— such as ^aerodrome" and ** airship'' — ^the Committee have 
been forced to take arbitrary action; it is particularly in respect to the 
use of such words that the Oommittee hope to meet with support. 

Gbnxbal Tbbiis 

AmoNAunos— -The entire science of aerial navigation. 

Abbobzatios— -The science of buoyancy in air by means of disfdaoementi 

this is, therefore, the term to be applied to the science of 

aerostation. 
AxBODTVAMios — ^Thc sdenco relating to the effects iMX>duced by air in 

motion; this isg therefore, tl^ term to be applied to the science 

of aviation. 
AsBOsnxiON — ^That part of aerial navigation dealing with gas^bome 

or '^li^ter-than-air" machines. 
AvunoN — ^Ihat part of aerial navigation dealing with dynamically* 

raised or ** heavier*than-atr ** machines. 

388 
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AnuniAiTT— One who praotiaes any faraiioh of moAtl navigation. 

Aviator— One who practises aviation. 

Pilot— An aeronaat qualified in aerial navigation. 

Ehgihieb— In ohaige of the power plant. 

HaLMSiiAV— In cha^ of the steering. 

8hbi>— The use of the term Mh$d is reoommended instead of hangar^ 

Habbovb — A natural or artificial shdter* 

Abbodbomb — ^A ground set apart for flying purposes. The Oommittee 
do not recommend this term, but» in view of its somewhat 
genend use» suggest that it should be employed only in the 
above sense. This suggestion is made without prejudice either 
to its derivation or to its application in another sense by authors 
such as Langley, Lanchester^ and Ckaham BeU. 

DiBioiBiiB— A power-driven balloon. 

Atbshtf — This term having oocanonally been used to denote aeropUmBt 
the Committee recommend its use only in the sense ot dkrigihU 
in order to avoid confusion. 

Hbuooptbb-^A flying*machine supported by one or more screw pro- 
pellers rotating on vertical or i^pproximately vertical shafts. 

ORNiTHOFrBB — ^A ** flapinng*wing " machine. 

FLTiNO-MAOHiirB — ^A generic term denoting machines used in aviation, 
as distinct from those employed in aerostation. 

Abboplanb— A flying-machine provided with fixed planes supported 
dynamically by its movement throu^ the air. 

This term should noi be used to denote the planes them- 
selvesy but should only apply to the whole machine. 

GuDBBr— An aeroplane unfMrovided with motive power. 

MuunPLAHB — ^An aeroplane with two or more main planes overlapping 
in plan form. 

BiPLABS— An aeroplane with two superposed main planes overlapping 
ini^an-form. 

MoNOPLAirB— -An aeroplane with a single main supporting plane, which 
may consist of a pair erf wings outstretched on ehim ride of a 
eentralbody. 

Tamdbm, S t bp pbd — ^In some cases aeroplanes have more than one pair of 
wingBs which may or may not be on the sameleveli such j^lanei^ 
if ^y do not overlap in plan-form, must necessarily be 
arranged in '* tandem " g when not on the same level they are 
said to be *' stepped." 

For instance, ''an aeroplane having three pairs of wings 
stepped in tandem.** 

Fbiboipal Diiuhwiows 

Abba,— This term is not a technical definition unless qualified by an 
adjective, as, for instance* ''supporting'' or "effective'' area. 

By area is meant* in the case of planes, the area erf the 
plan-form, and is therefore measured in units of doable surlaosw 
That is to say, both sides or surfaces are counted as one unit of 
area. Thus, by an area of 500 square feet is implied a surCaoe 
of twice 500 square feet. 
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BvAFACfBr-^ttttition is drawn to the distiiioticm that ezists betwem 

surface and area. See Abba. 
Wkght— This being a general term, should only be used when qualified 

by an adjeotiye, such as ** net weight." 
Nxi Weiobt— The weight of the complete machine exekieive of variable 

quantities, such as pilot, fuel, lubricants, &c 
Gsoss Weight — ^The weight of the complete machine inchisive^ot all 

variable quantities, i,e.^ pilot, fuel, lubricants, &c. 
LomiKG — ^The loading of a machine is its gross weight in pounds 

divided by the supporting area in square feet. 

Pbihoipal Pabts 

Plane — ^Any element of area need for dynamic support or contrd. 

In pure aerodynamics the term should only be used with m 

qualifying adjective such as ** flat," ** curved," or ''cambered." 
The prefix ''aero" is restricted to the complete machine 

defined as an " aeroplane." 
Wnra — ^The present use of this term, by analogy with natural flight, 

denotes each of a pair of planes outstretched on either side ci a 

central body, which wings, if continuous, would form a single 

plane. 
Body — In flying-machines, the central longitudinal framework to whid 

the planes and organs of control and propulsion are attached. 
Cabbiage — ^That part of the machine beneath the body intended for its 

support on land or water. 
Tail — In flying-machines, a plane or group of subeidiary planes, which 

may include both horizcmtal and vertical planes, behind the 

main planes. 
Elevatob — A movable plane or group of planes for directing and 

controlling the machine vertically. 
BuDmiB — A plane or group of planes for guiding a machine to right or 

left. 
Balanoeb — In aeroplanes, an organ— msually a plane— for maintaining 

lateral equilihrium« 

JPMiahedbykindpermieeiono/the AeroncmtioaiSooiefyofGfreai BrUam. 



METRICAL MEASUREMENTS AND THEIR 
CUSTOMARY ENGLISH EQUIVALENTS 

1 millimetre « •08987 inch 
1 centimetre » 0*8987 ,, 

1 ^.^^ / 89-87 inches 

1 metre - ^3.^3 ^^^ 

1 kilometre « 0*62187 milet 
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1 sq. millimetre » *00155 sq, inch 
1 »y centimetre » '1550 „ 
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YOLUMB 

1 cubic millimetre » "OOOOSl cubic inch 
1 9, centimetre -> *0610 »« 9, 

1 „ mette -{i-gSiJ " ^ 

Oapagity (liquid) 

1 i;f«. ri05668 quarts 
1 UTxre - ^.26417 gallons 

Mass (avoirdupois) 

1 gram » *08527 ounces 
1 kilogram » 2-20462 pounds 
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